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- I. INTRODUCTION 

Our knowledge o h o u t  v i r u s e s  has i n c r e a s e d  t o  such  a n  e x t e n t  i n  t h e  l a s t  

decade t h a t  i t  is  sometimes n e c e s s a r y  to pause  and q u e s t i o n  wha t  the o u t s t a n d -  

i n g  problems a r e  t o d a y .  One area of c u r r e n t  in terest  about  which t h e r e  are  

s t i l l  l a r g e  gaps i n  a v a i l a b l e  i n f o r m a t i o n  i s  t h e  e f f e c t s  of env i ronmen ta l  

stress on t h e  s u r v i v a l  of c e l l - f r e e  v i r u s e s .  T h i s  knowledge would have 

c o n s i d e r a b l e  b e a r i n e  on c e r t a i n  a s p e c t s  of v i r u s - d i s e a s e  ep idemio logy .  and 

more r e c e n t l y  has s t i m u l a t e d  the i n t e r e s t  of t h e  N a t i o n a l  A e r o n a u t i c s  and 

Space Admi nistratiori workers  1 ~ h 0  a r e  charf:ed w i  t l i  s p a c e c r a f t  s t e r i l i z a t i o n  and 

p l a n e t a r y  q u a r n n t  i nc  . I 

It i s  t h e  piirpoue u f  this p r e s e n t a t i o n  t o  review some o f  t h e  recent 

developments  i n  this f ie ld  and t o  a t t e m p t  an a n a l y s i s  of t h e  more s i g n i f i c a n t  

f i n d i n g s  . 

No a t t e m p t  w i l l  be made t o  i n c l u d e  a l l  of t h e  r e s e a r c h  f i n d i n g s  abou t  t h e  

env i ronmen ta l  e f f e c t s  on e x t r a c e l l u l a r  s u r v i v a l  of v i r u s e s .  V a l u a b l e  s o u r c e s  

of a d d i t i o n a l  i n f o r m a t i o n  and r e f e r e n c e s  c a n  be  found i n  Advances i n  V i r u s  

R e s e a r c h ,  A n n u a l  Review,  -- of Mic rob io logy ,  P r o g r e s s  i n  Animal V i r o l o g y ,  and 

v a r i o u s  o t h e r  symposia and monographs.  S i m i l a r l y ,  t h e  c u r r e n t  t e c h n i q u e s  f o r  

v i r u s  i s o l a t i o n ,  cu l r i . v ; i t i on ,  t i t r a t i o n  and i d e n t i f i c a t i o n  are a d e q u a t e l y  

d e s c r i b e d  i n  Diagnost ic  P rocedures  f o r  V i r u s  nnd -_I_ R i c k e t t s i a l  Diseases, 

p u b l i s h e d  by  t h e  American P u b l i c  H e a l t h  As r+oc ia t ion ,  ") and R review by 

Schmidt and L e n n e t t e .  (2) 

Aspec t s  of d e l i b e r a t e  v i r u c i d a l  t r e a t m e n t  and i n a c t i v a t i o n  were f o c a l  

p o i n t s  of t h e  symposium pub l i shed  by  t h e  New y o r k  Academy o f  S c i e n c e 8  and 

w i l l  no t  be e l a b o r a t e d  upon here .  

The p r e s e n t  review w i l l  pay p a r t i c u l a r  a t  l e n t  i o i i  1.0 the n a t u r a l  e n v l r o n -  

ment w i t h  emphitgi s on Lernpernture, humidi t y  , 1 i g h t  and c o n d i t i o n s  i n  
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e x t r a t e r r c s t r  i a l  env i ronmen t s .  An a t t e m p t  w i l l  a l s o  be made t o  i n t r o d u c e  t h e  

s u b j e c t  by c o n s i d e r i n g  t h e  p h y s i c a l ,  chemica l  and morpho log ica l  c h a r a c t e r i s -  

t i cs  of v i r u s e s ,  t h e  t h e o r e t i c a l  r a t i b n a l e  u n d e r l y i n g  v i r u s  s t a b i l i t y  and some 

a s p e c t s  of v i r u s  d i s e a s e  t r a n s m i s s i o n  i n  t h e  inan ima te  env i ronmen t .  

- 11. PHYSICAL, M O n O L O G I C A L  AND CHEMICAL PROPERTIES * 
Viru:J a r e  i n f e c t  i ous  agen to  which a r e  smaller t h a n  t h e  smnl Lest protozoa 

and b a c t e r i a  . A 1 ttiotif:li i ionic ;ire b a r e l y  v i s i b l e  under t tics liglrt ullcroscope. 

most l i e  beynnd thc ran;:i’ of t h L : i  i n s t rumen t  and occupy tlic m i c r i h i a l  s p e c t r u m  

between a T e w  r r i i 1 1  imjcrons t o  several liundred m i l l i n i i c r o n s  

Diseases of p l n n l s  and an ima l s  t h a t  ;ire caused by v i r u s e s  hove long  been 

known c l i n i c a l l y ,  b u t  the e x i s t e n c e  of v i r a l  a g e n t s  and t h e  e l u c i d a t i o n  of 

t h e i r  c h a r a c t e r i s t i c s  a r e  f a i r l y  r e c e n t  d i s c o v e r i e s .  A c t u a l l y ,  It has  been 

scarcely a c e n t r u y  s i n c c  t h e  l a r g e r  m i c r o b e s ,  p r o t o z o a ,  b a c t e r i a ,  y e a s t s  and 

molds were i m p l i c a t e d  as c a u s a t i v e  a g e n t s  of  d i s e a s e ,  and since t h e y  have been 

c u l t u r e d  and s t u d i e d  an pure c u l t u r e s .  Among t h e  many w e l l  known d i s e a s e s ,  

however, there were s1.j I 1  some w h i c h  were b e l i e v e d  t o  bc i n f e c t i o u s ,  b u t  i n  

which a n  e t  i o l o g i c o l  nl:c.nt could not be r e c o v e r e d .  I t  was not u n t i l  t h e  t u r n  

of t h e  c e n t u r y  that  w i d c n c e  was gnthercd abou t  a group of e n t i t i e s  which d i d  

not respond t o  c l a s s i c a l  b a c t e r i o l o g i c a l  d e t e c t i o n  methods and which l a y  i n  a 

s i z e  r ange  even s m a l l e r  t han  t h e  smallest bacterium. I n  1892, Iwanowski found 

t h a t  t h e  i n f e c t i o u s  n y : r ’ t i t  of t o b a c c o  mosaic could  p a s s  t h r o u g h  a b a c t e r i a l  

f i l t e r  and induce n tliscnse i n  n p r e v i o u s l y  hcialttiy p l a n t  

* I n  p a r t  Erom ( I )  Cohn, J .  A .  , Oct-obrr 2 0 ,  1907 ,  p p .  7 4 3 - 3 5 0 ;  
( 2 )  L u r i a ,  S .  E .  i1t t (1  D a r n e l l ,  J .  E .  LORY, John Wiley and Son ,  
1967; (3) Smith, Corinnt, and Overmen. Z i n s s e r ’ s  Mic rob io logy ,  1.3th E d . ,  
Appleton-Century C r o f t ,  1964.  
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R e i j e r i n c k ,  i i i  1800,  c o r r ~ i b o r a k g d  Twanowski's Eindinf:s, and r ~ i t h i n  a few 

years many d i o e n s c ,  a; :ents werc found t o  d i s p l a y  t h i s  p r o p e r t y .  The known 

range  o f  h o s t s  was ex tended  s t i l l  f u r t h e r  when Twort ,  i n  1915,  and indepen- 

d e n t l y ,  d ' H e r e l l e ,  i n  1917, d i s c o v e r e d  a g e n t s  o f  s i m i l a r  p r o p e r t i e s  which 

p a r a s i t i z e d  and d e s t r o y e d  b a c t e r i a .  More r e c e n t l y  a g e n t s  have been found i n  

t h i s  same c a t e g o r y  whicli p a r a s i t i z e  some of t h e  f u n g i .  a n  example of which i s  ' 

t h e  a c t i n o p h a g e .  Sticii  i n f e c t i o u s  ai:ents came t o  be known a t  fjrot :I; f i l t e r -  

. i b l c  viruoei i  o r ,  r J i t h  t l int ) ,  .;imply virusc.9.  

S i n c e  t h e  place o f  v i r u s e s  i n  t h e  b i o l o g i c a l  scale has not  been f u l l y  

e s t a b l i s h e d ,  a r i g i d  d e l i n i t i o n  of t h e  iIgent i s  not  p o s s i b l e .  The a b i l i t y  t o  

t r a v e l  t h rough  earthen f i l t e r s ,  t h e  c r i t e r i o n  f i r s t  s e r v i n g  to s e p a r a t e  

v i r u s e s  from o t h e r  i n f c c t i o u s  a g e n t s ,  i n d i c a t e s  a s m a l l n e s s  of s i z e  f u l l y  

s u b s t a n t i a t e d  i n  subsequen t  work. A second g e n e r a l  d i f f e r e n t i a t i n g  c r i t e r i o n  

t h u s  f a r  v a l i d  i s  t h a t  the a g e n t s  a r e  o b l i g a t e  p a r a s i t e s  m u l t i p l y i n g  o n l y  

w i t h i n  l i v i n g  c e l l s  

C o n s t i t u t i o n a l l y  and p h y s i c a l l y ,  v i r u s e s  va ry  w i d e l y  i n  complex i ty  b u t .  

i n  comparison w i t h  o t h e r  analogous e n t i t i e s  such  as c e l l s ,  p ro tozoa  and 

b a c t e r i a ,  a r e  a l l  of  extreme s i m p l i c i t y .  N e v e r t h e l e s s ,  t h e  r e s p e c t i v e  a g e n t s  

a r c  d e f i n i t i v e  b i o l o g i c a l  u n i t s  m a n i f e s t i n g  t h e  Eundamental p r o p e r t y  of  r e p r o -  

d u c t i o n .  Except f o r  t h i s  c a p a c i t y ,  t h e  smallest and t h e  s i m p l e s t  v i r u s  

approaches  c l o s e l y  t h e  e s s e n t i a l  n a t u r e  of l n r g e  m o l e c u l e s .  I n  f a c t ,  i n  some 

d e f i n i t i o n s  the a g e n t s  have been d e s i g n a t e d  a s  n u c l e o p r o t e i n  mncroniolecules,  

b u t  t h i s  i s  a n  unwarranted s i m p l i f i c a t i o n  d e t r a c t i n g  from f u l l  : t pp rec i a t ion  of 

t h e  t o t a l  spectrcim of v i r a l  c h a r a c t e r i s t i c s .  

I n  t h e i r  m o r p h o l o ~ ~ i c a l  a s p e c t s ,  v i r u r e s  are  p a r t i c u l a t e  e n t i t i e s  which 

occur  i n  a Iar@ v a r i e t y  of shapes  and s i z e s .  Many v i r u s  c a u s i n g  d i s e a s e s  i n  

p l a n t s  and i n s e c t s  a r e  r o d s  of  h i g h l y  Eyiiimetrical shape and u n i f o r m i t y  of s i z e .  
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G e n e r a l l y  t h e  v i r u s e s  of man and aninlals are  s p h e r i c a l  i n  s h a p e .  Some of t h e  

smaller v i r u s e s  a r e  s o  un i fo rm i n  shape  and s i z e  t h a t  t h e y  c a n  be  caused t o  

a g g r e g a t e  i n t o  f a i r l y  l a r g e  p e r f e c t  c rys t a l s .  When t h i s  o c c u r s ,  it is  

p o s s i b l e  t o  o b s e r v e  t h e i r  o r d e r e d  s t r u c t u r e ,  e i t h e r  by pho tograph ing  a r e p l i c d  

of  t h e i r  s u r f a c e s  or a plane c u t  t h rough  t h e i r  i n t e r i o r s - - o r  by p h o t o g r a p h i n g ,  

a t h i n  s e c t i o n  ( u t  frorri t h e m  a f t e r  Zixnt  ion lint1 rmbedclinp,. 

Tlie O l J l ) ]  ic:rl Lon oL f r e e z e - d r y i n g  t ~ ~ i ( i  r x i t  i c a l  p o i n t  t c c h n i q u c s  havc 

r e v e a l e d  t h a t  many vi  rii::es are d i s t i n c t l y  p o l y h e d r a l  i n  s h a p e .  Tlte heads of 

a l l  f r o z e n - d r i e d  btic.I et- i : i l  viruses cxatnined a r e  so  silapetl. Many of t h e  p l a n t  

viruses a r e ,  and c ~ v e n  v i r u s  of t h e  i n s e c t  T i p u l a  paludosa is, e x q u i s i t e l y  

p o l y h e d r a l .  The importdnce of t h i s  d i s c o v e r y  i s  i t s  i m p l i c a t i o n  t h a t  a v i r u s  

i s  s y n t h e s i z e d  from s u b u n i t s  t h a t  fit t o g e t h e r  i n  a n  o r d e r e d  f a s l t i on  t o  

produce a p a r t i c l e  t h a t  i s ,  i n  i t s e l f ,  :it l e a s t  p a r t i a l l y  c r y s t a l l i n e .  

Cons t i t u t i c7na l  l y  v i r u s e s  c x h i b i t  n p r i n c i p a l  f e a t u r e  i n  common; namely, 

t h e s e  a g e n t s  c o n t a i n  on ly  p r o t e i n  and n u c l e i c  a c i d .  They d i f f e r  s t r i k i n g l y ,  

however,  i n  t h e  kind of i tr icleic acid and i n  the orrangernent of n u c l e i c  a c i d  

and p r o t e i n .  Ribonucleic a c i d  o n l y  is a component of  . i l l  p l a n t  v i r u s e s ,  some 

an ima l  d i v e a s c  agent:; and a f e w  bac te r iop l i ages  , whereas  o t h e r  s imple  an ima l  

v i r u s e s  c o n t a i n  o n l y  D N A .  A major advance h a s  been t h e  d e m o n s t r a t i o n  t h a t  t h e  

p r o t e i n  component i n  not a c o l l e c t i o n  of d i f f e r e n t  p r o t e i n  molecu le s  bu t  

c o n s i s t s  of a n  o r d e r l y  arrangement  of i d e n t i c a l  p r o t e i n  molecu le s  or s u b u n i t s .  

S t u d i e s  of tobacco mo<:aic v i r u s  w i t h  carlmxypept ida:,e r e s u l t e d  i n  tlie l i b e r n -  

tion of o n l y  one n n i i r i o  .rcid, rhreonjne ,  w l i i c t i  t h u s  sliowcd t h a t  t h i s  amino a c i d  

was the Lcrininnl b ; t o i i l r  of t lw  polypept i d ( .  cl ia ins  cot is t I tut l .np,  t h e  p r o t c i n  

components . C o m p l e t  P r i i i n l y 3 c ~ s  h;ivc. revc.:~ let1 rlie I( i ncl and ntirnber of o t h e r  

amino a c i d s  c o n s t i t u t i n g  t lw indIviclua1 p r o t e i n  m o l e c u l e .  Tlte t o t a l  number of 

amino a c i d s  per p o L y p ~ p t i d e  c h a f  1-1 LJas 158. Srtch i n t e n s i v e  s t u d i e s  have not 
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been made t i i t h  rod :;tiaped v i r l s sc s  ,dbut rnorphologicnl rvicfcnce indicate: ;  t l i - i t  

t h o s e  examined e x h i b i t  tlic $same s u b u n i t  s t r u c t u r e  and arc  t h u s  s i m i l a r  i n  

p r i n c i p l e s  of p r o t e i n  c o n s t i t u t i o n  t o  t o b a c c o  mosaic v i r u s .  

N u c l e i c  a c i d  a n a l y s e s  have y i e l d e d  i n f o r m a t i o n  of r e l a t i v e l y  e q u a l  s i g n i -  

f i c a n c e  f o r  a l l  v i r a l  a g e n t s .  From morpho log ica l  and o t h e r  e v i d e n c e  i t  would ' 

appear  t h a t  n i c l e i c  a c i d ,  whether  DNA o r  RNA, €8  v i r u s - s p e c i f i c  and r e p r e s e n t s  

no a d d i t i v e s  of  host c.r.1 I mater ia l .  I n  consequence ,  t l l c  amount and kind of 

n u c l e i c  a c i d  i s  a :;p(!ci f i c  v i r a l  c l l n r n c t c r i s t i c  r c l ; a r d l e s s  of  n a t u r e  of 

asscrnhly o r  a d v e n t i  tioii:: crivelopini: rrr aHsociated subst  i lnccs .  The p r o p o r t i o n s  

of n u c l e i c  a c i d  v a r y  g r e a t l y  Erom one agent  t o  a n o t h c r ;  however,  n d i f f e r e n t  

p e r s p e c t i v e  emcrges w i t l i  c a l c u l a t i o n s  of t h e  a b s o l u t e  amount o f  n u c l e i c  a c i d  

pe r  i n d i v i d u a l  v i r u s  p;ir t icle.  It tl icn becomes e v i d e n t  t h a t  t h e  n u c l e i c  a c i d  

6 c o n t e n t  of  most RNA v i r u s e s  v a r i e s  l i t t l e ,  approx ima te ly  t h e  v a l u e  of % x LO 

molecu la r  w e i g h t .  TIle lowest  v a l u e ,  1 . 5  x 10 , i s  t h a t  of tobacco  n e c r o s i s ,  6 

and t h e  h i g h e s t  i n  tlic comparable r ange  is  3 . 1  f o r  f o o t  and mouth d i s e a s e .  

A n o t a b l e  e x c e p t i o n  t o  t h e  r e l a t i v e  u n i f o r m i t y  i s  t h e  BIA s t r a i n  A a v i a n  tumor 

agen t  w i t h  a molecular  weiglit of 9 .6  x 10 . A l i k e  v a l u e  was o b t a i n e d  f o r  t h e  6 

Rous sarcoma v i r u s .  

The n u c l e i c  a c i d  o f  v i r u s e s  o c c u r s  e i t  lier 3s d o u b l e - s t r a n d e d  DNA a r r a n g e d  

i n  t h e  Waston-Crick double s p i r a l ,  as  3 s i n g l e - s t r a n c l e d  DNA o r  as RNA. The 

m o l e c u l a r  s i z e  may v a r y  from as few as one m i l l i o n  t o  as many as  130 d n l t o n  

u n i t s .  It i s  l i k e l y  t h 3 t  DNA i s  d o u b l c - s t r a n d e d  i n  most DNA a g e n t s ,  a s  i n  t h e  

r a b b i t  papi l loma v i r u s .  I n  t h e  X174  b a c t e r i o p h a g e ,  i n  c o n t r a s t ,  DNA seems t o  

be s i n g l e - s t r a n d e d .  This s i n g l e - s t r a n d e d  DNA of noncomplimentary base  composi- 

t i o n  is p r e s e n t  i n  ,I  c i r c u l a r  form.  Tlie  long rod-sh,lpetl phages M - 1 3  and f d ,  

s p e c i f i c  f o r  male E .  c o l i ,  a l s o  c o n r a i n  s i1q: le-s t randcd DNA. Like  t h e  DNA of 

X174, t h c  m o l e c u l a r  - i c ~ i f ~ , l i t  is  r eLaLive ly  l o w ,  between 1 . 5  and 2 x 10 daltons. 

I 
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It h a s  been shown t h a t  i n i t i a t i o n  of t h e  i n f e c t i o u s  p r o c e s s  and s p e c i f i c  

v i r u s  s y n t h e s i s  o f  some a g e n t s  can  be  induced by n u c l e i c  a c i d  a l o n e .  This w a s  

accomplished f i r s t  w i t h  RNA i s o l a t e d  from t o b a c c o  mosaic  v i r u s  and subse -  

q u e n t l y  w i t h  t h e  RNA of  a v a r i e t y  of b o t h  p l a n t s  and an ima l  v i r u s e s .  It had 

been r e a l i z e d  for  somc! t ime th; i t  o n l y  DNA of t h e  t ia i led bncter iopl inges e n t e r e d  

t h e  p a r a s  i t izc d b:ic t c r  i (im. Recogtii t ion of tlic plieiiomeiion 158s c.xtended more 

polyonin a g e n ~ s ,  f o r  c.r,aiq)lc, ;iritl t h e  i n f e c t  i o n  is trnn:;inLtted a l s o  b y  t h e  

s i n g l e - s t r a n d e d  DNA o f  t h e  X I 7 4  bnc te r iop t i agc .  

Such f i n d i n g s  e f f c c t  more c l a r i f i c a t i o n  o f  the  f u n c t i o n a l  s i g n i f i c a n c e  of 

n u c l e i c  a c i d  compos i t ion  and p r o v i d e  t h e  b:~:;i:j for judgment r e l a t i v e  t o  t h e  

r o l e  of a u x i l i a r y  components of p r o t e i n s  and l i p i d s  I t  w o u l d  appea r  t h a t  t h e  

mater ia l  e n c a s i n g  nuc le ic  a c i d  servps two p r i n c i p a l  Cunct ions:  (1) p a r t l y  t o  

i n f l u e n c e  s p e c i f j c i ~ y  o r  I I O S I  - c e l l  p a r a s i  c i zn t  i o n ,  and ( 2 )  t o  p r o t e c t  n u c l e i c  

a c i d  d u r i n g  exposure t o  , i ( lverse  environmental  c o n d i t i o n s  i n s i d e  or o u t s i d e  t h e  

c e l l .  I t  i s  u n l i k e l y  I-lint t r ' insmission by f r e e  n u c l e i c  acid is  a s i g n i f i c n n t  

f a c t o r  undcr n a t u r a l  c o n t l i t i o n s ,  and n u c l e i c  acid must be conserved i n  t h e  

p r o c e s s  o f  t r a n s f e r  f r o m  otic c e l l  t o  nnotlier and a l s o  under v a r i e d  c o n d i t i o n s  

of v i r u s  uptake by  t h e  c e l l .  I n  some cases  n u c l e i c  a c i d  a l o n e  can make i t s  

way i n t o  the  c e l l ,  b u t  i n  o t h e r s  whole v i r u s  par t ic les  are t a k e n  up. The 

i n f l u e n c e  of v i r u s  membrane o r  s h e a t h  on s p e c i f i c i t y  of  h o s t  c e l l  i n f e c t i o n  is 

i n d i c a t e d  by t h e  broatlr:r spectrum of h o s t s  pilresit- ized more by n u c l c i c  a c i d  

than  b y  the who'lc v i  rur, . 

111. TIEOIIETICAI, CONSIDERATION - - -  OF V I I S  STABILITY - ---- 

The s t a b i  l i t  y C J ~  v i r u s  p a r t i c l e s  e x l m s e d  t o  vt i r ious environments  is  a 

"chemical s t a b i l i t y , "  tliat i s ,  a s t a t i c  k i n d  of  s t a b i l i t y .  To a l t e r  a v i r u s  

p a r t i c l e ,  i ts  s t r u c t u r c  i n t i n t  he  changed.  The s i t u a t i o n  is somewhat d i f f e r e n t  
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from t h e  one e n c o u n t e r e d ,  f o r  example,  i n  t h e  s t u d y  of t h e  s t a b i l i t y  of 

b a c t e r i n .  I n  t h e  c a s e  o f  b a c t e r i a  w e  are d e a l i n g  w i t h  "o rgan i smic  s t a b i l i t y , "  

t h a t  i s ,  w i t h  a dynamic system i n  a s t a t e  of c o n t i n u o u s  f l u x  i n t o  which and 

from which component e l e m e n t s  are c o n t i n u o u s l y  i n c o r p o r a t e d ,  a s s i m i l a t e d ,  

e l i m i n a t e d  and broken down. I n  s u c h  a sys t em i r r e v e r s i b l e  i n a c t i v a t i o n  may 

occur  fol1owii;g r a the r  m i  Id environmentn1 c h a n g e s ,  s i n c e  any d i s t u r b a n c e  of 

t h e  dynamic s i t c i a t i o n  m a y  lead t o  l a c k  o r  p r o t e c t i o n  a g a i n s t  new s i t u n t i o n s  

produced by the o r g a ~ i i s m ' s  own a c t i v i t y .  For  cxample,  a v i r u s  and a b,icterium 

may be e q u a l l y  s c n s i r i v t  I-c) i~ lowerirq: of' tile pH. To i n a c t i v a t e  the v i r u s  

w i t h  a c i d ,  a c i d  I I I ~ I : , ~  t ~ c  atldctl Thc b a c t e r i u m ,  however, m,iy be k i l l e d  by a 

cliange i n  b u f f e r  c o n c c n t r a r i o n  which a l l o w s  i t  t o  acc r~n iu la t e  enough a c i d  from 

i t s  own m e t a b o l i c  a c t i v i t y  t o  h r i n g  the pll clown t o  t h e  t o x i c  l e v e l  Conse- 

q u e n t l y ,  s t u d i e s  on b a c t e r i a l  s t a b i l i t y  are  more analogous t o  t h e  s i t u a t i o n  of 

v i r u s  s t a b i l i t y  when i t  is  i n s i d e  i t s  h o s t  c e l l ,  t h a n  t o  t h e  s t a b i l i t y  of 

v i r u s e s  i n  a n  e x t r a c e l l u l a r  env i ronmen t .  

Changes i n  t h e  n a t u r e  of v i r u s  p a r t i c l e s  b rough t  abou t  by e x t e r n a l  stress 

can  be  c l a s s i f i e d  i n t o  t h r e e  major c a t e g o r i e s :  r e v e r s i b l e  i n h i b i t i o n ,  i n a c t i -  

v a t i o n  w i t h o u t  l o s s  of a n t i g e n i c i t y ,  and d i s i n t e g r a t i o n  I n h i b i t i o n  of 

i n f e c t  v i t y  of many v i r u s e s  by a v a r i e t y  of  s u b s t a n c e s ,  i n c l u d i n g  p r o t e i n s ,  

enzyme , and p l a n t  a n d  i n s v c t  e x t r a c t s ,  h a s  been d e s c r i b e d  r e p e a t e d l y .  

Such n o n l c t l i a l  ctiangcs arc  t y p i f i e d  by t l i c .  reproduct i v e  d e l a y a  produced i n  

bacter iophaf:es  by s m a l l  doses of r a d i a t i  on and r e s u l t  i n e  from chemical  t r e a r -  

ment of tobacco  niosaic v i r u s .  V e r y  few v i r u s  changes have been d e s c r i b e d  t h a t  

a r e  not accompanied by  some los s  o f  a c t i v i t y .  

( 3 , 4 , 5 )  

A p p a r e n t l y  a truc i n a c t i v a t i o n  of a v i rus  p a r t i c l e  t h n t  i s  a complete  

d e s t r u c t i o n  of i n f e c t i v i t y  and c a p a c i t y  of m u l t i p l i c a t i o n  must i n c l u d e  an 

i r r e v e r s i b l e  change i n  i t s  n u c l e i c  a c i d .  U n t i l  r c c c n t l y ,  i n n c L i v a t i o n  of t h e  
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n u c l e i c  a c i d  wn:; i:cncLr:i 1 I y con:jiclcrcd t o  be ii o w - l i i t  , , iLl-or-none plienomcnon, 

r e f e r a b l e  t o  e s s e n t L n 1  s i t e s  i n  t h e  m o l e c u l e .  Most p r o b a b l y ,  however, t h e  

concep t  of p a r t i c u l a r  chemica l  g roups  as carr iers  of  t h e  b i o l o g i c a l  a c t i v i t y  

r e p r e s e n t s  a n  o v e r s i m p l i f i c a t i o n  of  t h e  problem It seems more r e a s o n a b l e  t o  

r e g a r d  a c t i v i t y  as a n  e x p r e s s i o n  of a compl i ca t ed  p a t t e r n  of f o r c e s ,  de t e rmined  

by t h e  strcictiirc, of t h e  molecule  as  n whole.  Any p a r t i c u l a r  s i t e  i s  e s s e n t i a l  

on ly  a s  p a r t  of tlic IJntt-ern, i~n r i  any n l t c r a t i o n ,  p h y s i c a l  o r  c h e m i c a l ,  is  

important  o n l y  i n s o l a r  I S  i t  s i g n 1  f i ~ ; l n L l y  m o d i f i e s  t h e  f i e l d  of f o r c e s  For  

example,  a n  a t n i n o  ; I (  i f 1  >:roup iriip,tit lw cs:ientinl on ly  I>ec.nusc by iiicans of a n  

H bond,  i t  m a i n t a i n s  1 1 i ( .  wholc polyrncr i n  n g i v e n  s t c r e o c h e m i c a l  pnt t e r n .  A 

s u b s t i t u t i o n  of one 11 : i turn might l end L O  i n s t n b i l i t y  or  i n a c t i v a t i o n ,  not 

because  maintenance o f  t h e  i n t a c t  N H  group is v i t a l  b u t  because  the r e a c t i o n  

may b r e a k  a n  If bond,  which i n  t u r n  may b r i n g  t h e  amino a c i d  g roup  ou t  of  l i n e  

2 

and d i s t o r t  t h e  s p e c i f i c  f o l d i n g  p a t t e r n  of t h e  m o l e c u l e .  ( 6 )  

W i t h  t h i s  r e a s o n i n g ,  i n a c t i v a t i o n  as a two- o r  m u l t i p l e - h i t  phenomenon 

may b e  e a s i l y  envisay,eri I f ,  f o r  example,  two groups are l i n k e d  by a doub le  

H bond, brcakdge of bot11 bonds may bc  needed for d i s r r i p t j o n  of the? l i n k a g e .  

G e n e r a l l y ,  the resr i l t s  will depcnd not o n l y  upon Ltie p o i n t  of a t t a c k .  bu t  a l s o  

upon t h e  n a t u r e  o L  ttic cnv i r anmen ta l  s t ress .  t 7) 

I n a c t i v a t i o n  w i ~ h o r i t  d i o i n t e g r n t i o n  of  the v i r u s  p a r t i c l e  is r :Pnernl ly  

e f f e c t e d  by t r e a t m e n t s  t ha t  do  not  c a w e  cxtcansivc pro! (.in d e n a t u r a t i o n .  

R a d i a t i o n  and mi ld  t r e a t m e n t s  w i t l i  chcrnicnls such  as f o r m a l i n  of  hydrogen 

pe rox ide  o f t e n  produce t h i s  r e s u l t .  P r o t r a c t e d  o r  i n t e n s e  exposure  t o  an 

agen t  t h a t  a t  f i r s t  C ~ U L C S  o n l y  a loss of a c t i v i t y  and may l ead  t o  e x t e n s i v e  

d e n a t u r a t i o n  and d j s  itit c&y,rntiorl a r n l  oflc’n c a u s e s  B change i n  sliapc and mor- 

phology o f  t t i v  virii’i p i t  t i c  I C .  0cca : ; i ona l ly  s e v e r a l  p r o p e r t i e s  of a v i r u s  c a n  

be supprc~:;*.c*tl o w  :ifLc>r 1 I I P  otl icr  by progrer ;s ive exposure  t o  one o r  more 



c 
9 

u n f a v o r a b l e  e n v i r o n m e n t a l  c o n d i t i o n s .  The p r o p e r t i e s  t h a t  are d e s t r o y e d  f i r s t  

a r e  p robab ly  t h o s e  t h a t  r e q u i r e  t h e  g r k a t e s t  d e g r e e  of s t r u c t u r a l  i n t e g r i t y  

and a r e ,  t h e r e f o r e ,  s u p p r e s s e d  even by a s l i g h t  chemica l  a l t e r a t i o n .  The 

a b i l i t y  t o  r ep roduce  i s  g e n e r a l l y  l o s t  v e r y  s o o n ,  whereas  a n t i g e n i c i t y  i s  v e r j  

s t a b l e ,  a p p a r e n t l y  r ec lu i r ing  f o r  i t s  s u p p r e s s i o n  :* f a r  r e a c h i n g  a l t e r a t i o n  o f  

ttic v i r u s  p r o t e i n s .  ( 8 )  

A s  prcvi  011s l y  i n d j c a t e t l ,  v i r u s e s  can be d i s s o c i a t e d  i n t o  the i r  c o n s t i t -  

uent  n u c l e i c  a c i d  nntl  rotein ins. Ttic e x t r x t c d  n u c l c i c  a c i d  l a r g c l y  f r c c  of  

p r o t e i n  coat i s  i n  i t s e l f  c a p a b l e  of i n i t i a t i n g  i n f e c t i o n  b u t  w i t h  c o n s i d e r -  

a b l e  reduced c f f i c i c i i c y  ‘l’liis f int l iny: ,  i n  t u r n ,  l e d  t o  t h e  d i s c o v e r y ( 9 )  t h a t  

t he  s e p a r a t e d  RNA of  p o l i o v i r i i s ,  f o r  example,  can  i n f e c t  c e l l s  of s p e c i e s  t h a t  

had long  been c o n s i d e r e d  t o  be complc t e ly  i n s u s c e p t i b l e  t o  i n f e c t i o n .  Paren-  

t h e t i c a l l y ,  findinj:n sucli as t h e s e  Iinve prompted t h e  s u g g e s t i o n  pu t  f o r t h  by 

H e r r i o t t  ( l o )  t h a t  e ~ t r ~ i c e l l u l a r  v i r u s  may sometimes e x i s t  i n  t h e  n a t i v e  s t a t e  

as naked nuc le i c  a c i d  devoid of  i t s  u s u a l  p r o t e i n  c o a t .  The s t a t e  o f  n u c l e i c  

a c i d  c a p a b l e  of inducinr: i n f e c t i o n  and v i r u s  r e p l i c a t i o n  has no t  been  c l a r i f i e d  

i n  a l l  c a s e s .  It is known, however, t h a t  t h e  t o t a l  tobacco  mosaic  v i r u s  RNA 

s t r a n d  is  r e q u i r e d  t o  t r a n s m i t  i n f e c t i o n s  and t h a t  a s i n g l e  b r e a k  i n  t h e  c h a i n  

d e s t r o y s  i n f e c t i o u s  c a p a c i t y .  (11) 

v i r u s e s  have a l s o  sugges t ed  t h e  r equ i r emen t  f o r  n complete  c h a i n  f o r  i n f e c -  

t i o u s n e s s  . 

i 

Less clef i n i t i ve  r e s u l t s  w i t h  RNA an ima l  

Inact i v n t  i o n  of free nuc le i c  ;icid tias not  been st.udied s u f f i c i e n t l y  as  

y e t  t o  permit  any i ) r o f i ~ a l ) l c  t l isciif ision o f  thc n a t u r e  of i t s  r e s p o n s e  t o  

v a r i o u s  stresses of t h o  n a t u r a l  cnvironmcnt . A s  a l r e a d y  p o i n t e d  o u t  however, 

t h e  NA i s  norinally cnca ied  i n  ,A p r o r c i n  covc r  I n  e f f e c t ,  t h c r e f o r c ,  i t  i s  

s e p a r a t e d  from t h e  :,urroiintliny, med i u m  by a scmipermeablc membrane. A chemica l  

a g e n t ,  f o r  exrirriplc, can act upon t h e  NA o n l y  i f  i t  i s  a b l e  by one way or 
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a n o t h e r  t o  pcinct r,ltc t i l  is mcm1)rane. lhtlcr t h e s o  condi  t tons t h c  ex[  cnt o f  

may be  c a p a b l e  of p e n e t r a t i o n  c i t h c r  because  of i t s  s m a l l  m o l e c u l a r  s i z e  o r  

because of i t s  c a p a c i t y  t o  b r e a k  down t h e  p r o t e i n .  With t h e  e x c e p t i o n  of 

c e r t a i n  enzymes, t h e  molecu la r  s i z e  of which e x c l u d e s  t h e  p o s s i b i l i t y  o f  pene- 
I 

t r a t i o n ,  few s u b s t a n c e s  are s u f f i c i e n t l y  s p e c i f i c  t o  react e x c l u s i v e l y  w i t h  NA 

and no t  a t  a l l  w i t h  p r o t e i n s .  T h e r e f o r e ,  i t  i s  a l o g i c a l  c o n c l u s i o n  t h a t  a n  

i n a c t i v a t i n g  a g e n t  m o d i f i e s  t h e  p r o t e i n  ns w e l l  as t h e  NA o f  t h e  v i r u s .  What- 

ever t h e  t y p e  of tiit5 r e a c t i o n ,  changes i n  cha rge  and h y d r a t i o n  of t h e  proteLn 

are  t o  bc  expec ted  w l i i c  t i ,  Logetlicr w i t l i  t h e  s t r u c t u r a l  n l t c r a t i o n o ,  w i l l  

a f f e c t  its perinea1)i l i t y .  I n  o t h e r  words ,  i n  the course of cxposurc? t o  :In 

agen t  which a f f e c t 6  tlic. s t a h i l i t y  of  the v i r u s ,  t h e  r a t e  of p e n e t r a t i o n  of t h e  

p r o t e i n  c o a t  h a r d l y  c a n  be e x p e c t e d  t o  remain c o n s t a n t ,  and t h e  e x t e n t  of 

d e s t a b i l i z a t i o n  of t h e  NA w i l l  v a r y  a c c o r d i n g l y .  

T h e o r e t i c a l l y ,  a g r a d u a l  breakdown of t h e  p r o t e i n  shou ld  t e n d  t o  i n c r e a s e  

t h e  p e r m e a b i l i t y  of the membrane, t h e  consequence b e i n g  a c c e l e r a t i o n  o f  i n a c -  

t i v a t i o n .  T h i s  phenomenon might  be  expec ted  i n  a c i d  o r  a l k a l i n e  h y d r o l y s i s  of 

t h e  v i r u s e s .  Tlte o p p o s i t e  c f f e c L ,  n g r a d u a l  i n c r e a s i n g  a t n b i l i t y ,  is t o  be 

expec ted  i n  r e a c t i o n s  w i t h  t a n n i n g s  o r  Imrdening a g e n t s  c . iusing f i x a t i o n  of 

t h e  p r o t e i n  i n  t h e  1i i : ; tologicnt  sense .  

With r ega rd  t o  tIirrniLil s t ress ,  there i s  l i t t l e  lcnowlctlgc a v a i l a b l e  abou t  

t h e  the rma l  e x p a n s i v i  tic';  of  protein: ;  and n u c l e i c  3citJ.  The re  is  some i n d i c a -  

t i o n  t h a t  hcat produces b;isLc s t r u c t u r a l  a l t e r a t i o n s  of the v i r u s  p a r t i c l e  due 

t o  d i f f e r e n t i a l  expans ion  of v a r i o u s  v i r a l  components. Some e a r l y  mcasure- 

ments t h a t  were nuxi l1; i ry  t o  s e d i m e n t a t i o n  s t u d i e s  i n d i c a t e d  t h a t  p r o t e i n  

expans ion  c o e f f  icient.1, a r e  h i g h .  Pol lard 

egg albumin and : : h o w d  t lint a v a l u e  of 1 . h  x 10 pe r  degree c e n t i g r a d e  is 

has made some measurements on ( 1  2 )  

-4  
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r e a s o n a b l e .  R i b o n u c l e i c  a c i d  does not  seem t o  expand n e a r l y  as  much. The 

p r o t e i n  e x p a n s i v i t y  i s  almost  c e r t a i n l y  due t o  some change i n  secondary  s t r u c -  

t u r e  as  t h e  l a r g e  v a l u e  would r e q u i r e  90 p e r  c e n t  ( a c c o r d i n g  t o  P o l l a r d )  of a l l  

bonds t o  b e  hydrogen bonds;  t h i s  is c e r t a i n l y  no t  t h e  case.  Consequen t ly ,  some 

k i n d  of u n f o l d i n g  must o c c u r .  P o s s i b l y  t h e  u n f o l d i u g  canno t  o c c u r  i n  nuc leo -  

p r o t e i n ,  b u t ,  a t  t h e  same t i m e ,  i n t e r n a l  1-ensions may d e v e l o p  t h a t  have t h e  

e f f e c t s  of d e s t r o y i n g  t h e  f u n c t i o n i n g  of thc v i r u s .  

I 

Some p h y s i c a l  a g e n t s  a c t  on v a r i o u s  molecu la r  u n i t s  and  a l t e r  t h e i r  

f u n c t i o n .  A s  a n  example,  n u c l e i c  a c i d  a n d ,  i n  D sccondnry way, p r o t e i n s  arc 

bo th  s i tes  of a c t i o n  of u l t r a v i o l e t  Light .  I n  b o t h  cases, t h e  quantum y i e l d  i s  

not  v e r y  h i g h  a n d ,  in tlie c a s e  o f  n u c l e i c  a c i d ,  t h e  mechanism of which i s  n o t  

c l e a r l y  u n d e r s t o o d ,  cou ld  be caused by two f a c t o r s :  ( I )  c r o s s - l i n k i n g  of  t h e  

n u c l e i c  a c i d ,  and ( 2 )  hxenking of t h e  n u c l e i c  a c i d  c h a i n ,  t h u s  p r e v e n t i n g  i t  

from producing t h e  s p e c i f i c  r i b o n u c l e i c  a c i d  f o r  p r o t e i n .  In t h e  case of 

p r o t e i n ,  t h e  e f f e c t  is  somewhat more c l e a r l y  u n d e r s t o o d .  It seems l i k e l y  t h a t  

one of t h e  major  e f f e c t s  of u l t r a v i o l c t  l i g h t  i s  t o  c a u s e  a S-S bond t o  become 

e x c i t e d ,  t h u s  r e n d e r i n g  it  c a p a b l e  of  b e i n g  b roken  by the ac t ion  of w a t e r  o r  I 

p o s s i b l y  i n  some o t h e r  way. Such a r u p t u r e  can  b e  fol lowed by t h e  d e n a t u r a t i o n  

of t h e  p r o t e i n  which w i l l  change i t s  c o n f i g u r a t i o n  and cause i t  to  cease 

f u n c t i o n i n g  p r o p e r l y .  S i m i l a r l y ,  r a d i a t i o n  a c t s  upon b o t h  t h e  n u c l e i c  and t h e  

p r o t e i n .  The f a c t  t h a t  v e r y  f r e q u e n t l y  t h e  s e n s i t i v i t y  of t h e  v i r u s  corres- 

ponds p h y s i c a l l y  t o  t l i c h  s e n s i t i v i t y  of t h e  n u c l e i c  a c i d  p robab ly  r e f l e c t s  t h e  

g r e a t e r  importance of t I w  n u c l c i c  a c i d  i n  t h e  v i r u s  f u n c t i o n  t h a n  t h a t  of t h e  

p r o t e i n .  

The e f f e c t s  of p r e s s u r e  on vlruscs con be djvitlecl i n t o  two c l a s s e s .  Where 

t h e  exposure  is  t o  e x t r e m e l y  h igh  p r e s s u r e  r a n g i n g  u p  t o  many thousands of  

a tmosphe res ,  t h e r e  is a t o t a l l y  d i s r u p t i v e  e f f e c t  on t h e  v i r u s  t h a t  is 
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r e f l e c t c d  i n  :I 10.. I o f  ;irt IvL ty .  of  )!rt’itI(.r i n t c - r c - s t  i s  the f:ict tli:it n t  

lower prcssurcbs t h t x  rcl I i t  loI1fihip t o  I Iik.rnut1 i n a c t  l v r i t i on  b e g i n s  to appe.ir. 

Thus i f  a v i r u s  i s  h e a t e d  w h i l e  under p r e s s u r e ,  t h e  p r e s s u r e  may s t a b i l i z e  t h e  

v i r u s .  It would seem a s  though t h e  c r i t i c a l  bond t h a t  is n e c e s s a r y  f o r  t h e  

i n a c t i v a t i o n  of t h e  v i r u s  may w e l l  have a d e f i n i t e  i n c r e a s e  i n  s t a b i l i t y  

because of t h e  f a c t  t ha t  e v e r y  p a r t  of t h e  molecular s t r u c t u r e  i s  h e l d  c l o s e r  

w h i l e  t h e  p r e s s u r e  is e x e r t e d ,  r e s u l t i n g  i n  a clear  s t a b i l i z a t i o n .  

C l e a r l y  t h e n ,  t h e  e f f e c l : ;  of any env i ronmen ta l  a g e n t  nre i n f l u e n c e d  by a 

composi te  of c o n d i t l o n s  {compos i t ion  of medium, e t c . ) .  Sometimes i t  i s  d j f f i -  

c u l t  t o  d e c i d e  wtiich f a c t o r  is a c t u a l l y  r e s p o n s i b l e  f o r  t h c  observed v i r u s  

change,  s ince a numbchr ( J C  c o n d i t i o n s  a l l  p r e s e n t  t o g c t h e r  may c a u s e  more 

damage t h a n  would L l i e  s u m  of tlieir i n d i v l d u a l  e f f e c t s .  

( 1 3 )  

- IV. VIRUS DISEASE TRANSMISSION AND ENVIRONMENT 

S i n c e  t h e y  a r e  ob1 i f : a t e  p a r a s i t e s ,  v i r u s e s  canno t  m u l t i p l y  o u t s i d e  of a 

s u s c e p t i b l e  h o s t .  Rattier, i n  t h i s  c e l l - f r e e  s t a t e ,  t h e y  m u s t  survive d e s p i t e  

a m u l t i t u d e  o f  a d v e r s e  e n v i r o n m e n t a l  i n f l u e n c e s  of p h y s i c a l  and chemica l  

n a t u r e ,  i n a c t i v a t i n g  u l t r a v i o l e t  or o t h e r  r a d i a t i o n ,  v a r i a t i o n s  i n  t e m p e r a t u r e  

and s l a w  d e s s i c a t i o n .  Indeed ,  r e l a r i v r  v u l n e r a b i l i t y  t o  env i ronmen ta l  f o r c e s  

w h i l e  i n  t h e  f r e e  stat(:’ is a n  impor t an t  f a c t o r  i n  t r a n s m i s s i o n .  (1’) 

q u e n t l y ,  a review of v i r l i s  ep idemio loay  might p r o v i d e  some i n s i g h t s  i n t o  t h e  

enigma of v i r u s  survjv ; i l .  V e r y  l it-tle e p i d e m i o l o g i c a l  d a t a  e x i e t  t o  v e r i f y  

t h e  s i g n i f i c a n c e  of  n j r l i o rne  v i r u s e s .  

Conse- 

U n f o r t u n a t e l y ,  e l u c i d a t i n g  t h c  i n f l u e n c e  of environment on v i r u s  i n f e c -  

t i o n s  i s  i n h e r e n t l y  coiiiplex and o f t e n  imposs ib ly  d i f f i c u l t .  P o t c n t i a l l y  

r e l e v a n t  env i ronmen ta l  f a c l o r s  a r e  bo th  numerous and of  ninny t y p e s ,  p h y s i c a l  

chemical and b jo log ica l  . A l s o  i n  m y  g i v e n  i n s t a n c e ,  t h e s e  f a c t o r s  are 
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o p e r a t i n g  s i m u l t a n e o u s l y ,  and t h e  t a s k  of e v a l u a t i n g  t h e i r  i n d i v i d u a l  c o n t r i b u -  

t i o n  i s  v e r y  g r e a t .  F u r t h e r ,  many env i ronmen ta l  f a c t o r s  c o n t r i b u t e  o n l y  by 

i n d i r e c t  and sometimes almost  c i r c u l a r  p a t h s .  (13) 

It might be a p p r o p r i a t e  a t  t h i s  p o i n t  t o  d e f i n e  t h e  concep t  of " i n a n i m a t e  

environment" w i t h  r e s p e c t  t o  v i r u s  d i s e a s e  t r a n s m i s s i o n .  Although c l a s s i c a l  

epidemiology r x o g n i z e s  s ix t r a n s m i s s i o n  p:JtliwtliiyS ( d i r e c t  c o n t a c t ,  i n d i r e c t  

c o n t a c t ,  d r o p l e t  c o n k a c t ,  v e c t o r s ,  v e h i c l e s ,  and a i r b o r n e )  o n l y  tliree of t h e s e  

pathways qual f f y  as par t  of t h e  i nan ima te  environment:  i n d i r e c t  c o n t a c t  v i a  

i n a n i m a t e  f o m i t e s ;  irianiiliAt c v e h i c l e s  such  ;is footl, w a t e r  and m i  1 l c ;  and a i r -  

borne a s  d r o p l e t  n u c l e i  clr a t t a c h e d  t o  d u s t .  I n  each o f  t h e s e  cases ,  t h e  v i r u s  

spends e u f f i c i ~ n t  t i m e  i n  ;I c e l l - f r e c  s t a t e  betweeti r e s e r v o i r  and h o s t  t o  be 

i n f l u e n c e d  b y  env i ronmen ta l  s t ress .  I n  t h e  o t h c r  t h r e e  c a s e s ,  t h e  v i r u s  

remains as  a n  i n t r a c e l l u l a r  p a r a s i t e ,  and t h e  epidemiology o f  t h o s e  i n f e c t i o n s  

t e l l  us l i t t l e  about  t h e  r e s p o n s e  of a g e n t  t o  e n v i r o n m e n t a l  e x p o s u r e .  

The mechanism and e x t e n t  of v i r a l  d i s e a s e  t r a n s m i s s i o n  also depend on the 

s a l i e n t  f e a t u r e s  of t h e  n a t u r a l  h i s t o r i e s  o f  t h e  p a r t i c u l a r  i n f e c t i o n s .  Some 

v i r u s e s  such as  p o l i o ,  measles and mumps are  e x c l u s i v e l y  p a r a s i t e s  of man. A 

few, such  a s  dengue,  a r e  b e l i e v e d  t o  p a r a s i t i z e  o n l y  man and i n v e r t e b r a t e  

v e c t o r s .  O t h e r s ,  i n c l u d i n g  y e l  tow f e v e r  and S t .  Louis e n c e p h a l i t i s  v i r u s e s ,  

depend o n  lower v e r t e b r a t e s  anti i n v e r t e b r n t e  v e c t o r s  o r ,  as i n  t h e  case of 

r a b i e s  anti ornitI1osi.c; , o n  lower v e r t e b r n t c e  alone. Whcther t h c  v e r t e b r a t e  h o s t  

be  man or lower v e r t e b r a t e ,  the main pathways for Jnvas ion  of and escape from 

t h e  h o s t  are  r e s p i r a t o r y ,  a l i m e n t a r y ,  pe rcu taneous  or  mucosal - I n v a s i o n  and 

e s c a p e  o f t e n ,  b u t  not i n v a r i a b l y ,  u t i l i z e  t h e  same paLhways. A l s o ,  wha teve r  

t h e  v e r t e b r a t e  host, i t s  role a s  a s o u r c e  of i n f e c t i o n  i s  u s u a l l y  l i m i t e d  t o  a 

b r i e f  p e r i o d  f o l l o w i n g  onset of t h e  i n f e c t i o n ,  b u t  may be r e c u r r e n t  i n  associa- 

t i o n  w i t h  r ec ru t l e scencc -  -or  i n d e f i n i t e l y  p e r s i s t i n g .  F i o < i l l y ,  v e r t i c a l  
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t r a n s m i s s i o n  from g e n e r a t i o n  t o  g e n e r a t i o n ,  i n  e i t h e r  v e r t e b r a t e  or i n v e r t e -  

brate  h o s t ,  may c o n t r i b u t e  t o  t h e  resdrvoir mechanism. (14,15) 

Common usage n o t  w i t h s t a n d i n g  , a v i r a l  reservoir 

i n v e r t e b r a t e  h o s t  s p e c i e s .  More p r e c i s e l y ,  i t  is  t h e  

a s s u r e s  s u r v i v a l  of t h e  v i r u s  s p e c i e s  and,  even  when 

l i f e  of  a n  i n d i v i d u a l  I i o s t ,  t a k e s  t h e  b a s i c  form o f  :i 

t r a n s m i s s i o n  from vert (*bl-atc: h o s t  t o  v e r t c b r a t c  liost , 

i s  not  a vertebrate or 

t o t a l  mechanism t h a t  

n f e c t i o n  p e r s i s t s  f o r  the 

c o n t i n u i n g  cha in  of 

w i t h  or w j  t i l o r i t  tlic 

i n t e r v e n t i o n  of an invcrtehrnec h o s t  as a t)tolc>}:i.c:il v e c t o r .  TIitis 

i n g  reservoir require..: t l i e  c x i u t c n c e  of :;t;sctlpr i h l c .  host f n st i f f  i c  

dancc under  bond  i t  i o n s  t h a t  nCisure continti i t if :  t r u n s m i s s i o n .  

For t h e  most p a r t ,  t h e  i n d i v i d u a l  h o s t  i s  a n  e f f e c t i v e  s o u r c e  

n f r inc t ion -  

cnt: obun- ' 

of i n f e c t  i o n  

for a r e l a t i v e l y  b r i e f  p e r i o d  o n l y ,  and t h e  v i t a l  c h a i n  i s  formed of many s h o r t  

l i n k s .  Assuming t h a t  i n f e c t i o n  is fo l lowed by r e s i s t a n c e  t o  r e i n f e c t i o n  of 

s i g n i f i c a n t  d e g r e e  and d u r a t i o n ,  p e r s i s t e n c e  of n p a r t i c u l a r  v i r u s  i n  a c i rcum- 

s c r i b e d  p o p u l a t i o n  r c q u i  res a cont inuoris  i n p u t  of enough s u s c e p t i b l e s .  

Excluding  s p e c i a l  c a s c s  of r a p i d  p o p u l a t i o n  t u r n o v e r ,  a s  e x e m p l i f i e d  i n  

m i l i t a r y  r e c r u i t  p o p u l a t i o n s  nnct evcn  n h o s p i t a l  p o p u l a t i o n ,  t h i s  i n p u t  will be 

s u p p l i e d  by newly born  i n f a n t s  and r e e n t r y  i n t o  s u s c e p t  Lble s t a t e  o f  p e r s o n s  

whose immunity has worn o € f .  The adequacy o f  th is  i n p u t  should  be 3 f u n c t i o n  

o f  t h e  r a t e  of  e f f e c t i v e  c o n t a c t  and of v i r a l  I n f e c t i v i t y  and d u r a t i o n  of p o s t -  

i n f e c t i o n  immunity w h i c h ,  f o r  a g i v e n  v i r u s ,  s h o u l d  be c o n s t a n t .  0 3  ) 

That  i i i f e c t i o n  doe:, not  a lways l e a d  t o  c l i s ease  is on ep idemio log ic  

p r i n c i p l e  of f i r s t  impor tance .  The r e a s o n s  why d i s e a s e  r e s u l t s  I n  a g i v e n  

i n s t a n c e  may r c l n t c  t n  the  v j  r u s  (11 i t;hly pnthoF;Ptiic s t  r;i i n )  , to  tlic h o s t  

( g e n e t i c  susceptibility, ; i ~ c '  n u t r i t i o n a l  s t a t e ) ,  or t o  tlic s u b J e c t  oC o u r  

p r e s e n t  c o n c e r n ,  tlic ctiviroiitucnt . llow env i ronmen ta l  forces i n f l u e n c e  t h e  o u t  - 

come of infctct i o n  if; t i w  : ; p e c i f i c  quest ion  nnd cinc f o r  wltich t h c r e  would seem 
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t o  be t h r e e  g e n e r a l  answers:  (1)  by a l t e r i n g  t h e  d i s e a s e - p r o d u c i n g  properties 

of t h e  a g e n t ,  ( 2 )  by i n f l u e n c i n g  h o s t  G u s c e p t i b i l i t y ,  and (3) by a c t i n g ,  a f t e r  

i n f e c t i o n  has  been e s t a b l i s h e d ,  to i n f l u e n c e  i ts  c o u r s e .  

A i rbo rne  t r a n s m i s s i o n  i s  i n t e n d e d  t o  mean t r a n s f e r  of  i n f e c t i o n  by means 

of small p a r t i c l e  a e r o s o l s .  (16 '17' 

i n f e c t e d  r e s p i r a t o r y  s e c r e t i o n s  whicti a r e  of such  small s i z e  t h a t  t h e y  w i l l  

remain a i r b o r n e  f o r  Inn[: p e r i o d s  of  r - imc*.  Environmental  f a c t o r s  may d e t e r m i n e  

t h e  immediate and lony,-tcrm s u r v i v a l  of t h e  c e l l - f r e e  n g c n t s ;  may t l ictate t h e  

mechanism by whicfi nian is exposed anti becomes i n f e c t e t l ;  may govern t h e  

f r equency  and d u r a t i o n  of e x p o s u r e ;  and wlicn i n f e c t i o n  does o c c u r ,  may e x e r t  

some i n f l u e n c e  on i t s  oritcome, f o r  example,  s i l e n t  o r  o v e r t  i n f e c t i o n ,  t r i v i a l  

o r  serious d i s e a s e .  

T h e s e  p a r t i c l e s  arc e v a p o r a t e d  r e s i d u e s  of 

! 

(13) 

The concept  that-  r e s p i r o t  o r y  virusc: ,  a r e  t r a n s m i t t e d  by tlie a i r b o r n e  ro t i t c  

h a s  been popu la r  i n  L l i c  p a s t ,  p r i m a r i l y  because  i t  seemcd r e a s o n a b l e  t o  assume 

t h a t  coughing and sneez ing ,  common symptoms of v i r a l  r e s p i r n t o r y  disease, 

produced a e r o s o l s  t ha t  w o u l t l  accomplish s u c h  t r a n s m i s s i o n .  In t h i s  r e s p e c t ,  i t  

i s  n e c e s s a r y  to c l a r i f y  tlie d i s t i n c t i o n  between d r o p l e t  i n f e c t i o n  and t r u e  a i r -  I 

borne  t r a n s m i s s i o n .  I n  tlic former c a s e ,  r e s e r v o i r  and h o s t  e x i s t  i n  c l o s e  

p r o x i m i t y  t o  e a c h  o t h e r ,  and t h e  v i r u s  i n  t h e  s n e e z e  o r  cough d r o p l e t  is  never  

r e a l l y  "aware" t h a t  i t  is  i n  a n  inan ima te  cnv i ronmcn t .  I n  t h e  l a t t e r  c a s e ,  t h e  

v i r u s  t r a v e l s  for  c o n s i d e r a b l e  t i m e  o r  d i s t a n c e  between r e s e r v o i r  and h o s t  and  

Is l i t e r a l l y  a i r b o r n e .  'rllct Cnct t t i i l t  i n f e c t e d  person:; a r e  c a p a b l c  of produc ing  

a i r b o r n e  vFruo tloes riot n e c e s s a r i l y  i n d i c a t e  t l int  v i r u s  can be t r a n s m i t t e d  i n  

t h i s  way. Viral  acroso1:i produced by i n f e c t e d  person:: arc s u b j e c t  t o  d i l u t i o n  

i n  a i r  , b i o l o g i c a l  decay ;inti s e d i m e n t a t i o n .  (18) 

Many v e r y  l a b i l e  v i r u s e s  u s u a l l y  avoid r u n n i n g  tI i ( '  env i ronmen ta l  g a u n t l e t  

by e x p l o i t i n g  an i n t c r i w t l i a t e  i n v e r t e b r a t e  h o s t  as  3 b i o l o g i c  v e c t o r .  For  
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t h o s e  v i r u s e : ;  wli ich d o  t r a v c l  frcm i nlcctcr t  to  tiu:;cc*p~ i l )  Lc liost:? witt ior i t  siicli 

p r o t e c t  l o n ,  I l i t 1  Icny,t 1 1 ,  tlurnt I c m ,  rind n a t u r e  01 t t i c i  pic 11 oT trntwiiiisr;ioti t o r ~ t l f i  

t o  r e f l e c t  the s t a b i l i t y  of t lm v i r u s .  Such Znbflc: v i r u s e s  as rnea;lcs, 

r e s p i r a t o r y  s y n g i t  i a l  and t h e  p a r a i n f  l u e n z a s  which invade  t h e  r e s p i r a t o r y  

p o r t a l s  v i a  d r o p l e t s  a r e  not  no ted  for long- range  a i r b o r n e  s p r e a d  or s e r i o u s  

env i ronmen ta l  c o n t a m i n a t i o n .  T h i s  is  i n  s h a r p  c o n t r a s t  t o  smallpox which 

matches measles f o r  i n f e c t i v i t y  b u t ,  8s shown i n  t h e  New Ybrk C i t y  e p i s o d e  i n  

1947!") c a n  s t r i k e  a t  g r e a t  r a n g e  (from the  f i r s t  t o  t h e  f o u r t h  f l o o r  o f  a 

h o s p i t a l )  and a l s o  can  cause p e r s i s t i n g  env i ronmen ta l  c o n t a m i n a t i o n .  I n c r e a s e d  

s t a b i l i t y  e n a b l e s  v i r u s e s  t o  e m p l o y  morc i n d i r e c t ,  though mechan ica l  modes of 

s p r e a d .  Epidemic k e r n t o c o n j u n c t i v i  t i s  and p h a r y n g o c o n j u n c t i v L t i e s  caused  by 

a d e n o v i r u s e s  may be s p r e a d  v i a  w e l d e r s '  gogg les  i n  s h i p y a r d s  or t h e  water of 

swimming p o o l s .  ('3 ) P o l i o v i r u s  and, presumably,  m o s t  o t h e r  hardy e n t e r o v i r u s e s  

are q u i t e  s u s c e p t i b l e  t o  d r y i n g  b u t  c a n  p e r s i s t  o v e r  long p e r i o d s  i n  f l i e s ,  i n  

sewage, and i n  sewage p o l l u t e d  w a t e r s ,  and so when env i ronmen ta l  hygiene i s  

l a c k i n g ,  may presumably be s p r e a d  by a m u l t i t u d e  of  i n d i r e c t  p a t h s .  P a r t i c u -  

l a r l y  i m p r e s s i v e  f o r  i t s  a p p a r e n t  r e s i s t a n c e  t o  c h l o r i n a t i o n  i s  t h e  v i r u s  o f  ' 

i n f e c t i o u s  h e p a t i t i s .  I n  D e l h i ,  I n d i a ,  i n  l a te  1955, s e v e r e  f l o o d i n g  r e v e r s e d  

t h e  c u r r e n t  of  a r i v e r  so  t h a t  t h e  sewage o u t f a l l  was t e m p o r a r i l y  upstream from 

t h e  water s u p p l y  i n t a k e .  Ch lo r inu t  ion was success f i l l  i n  c o n t r o l l i n g  a l l  

sewage-borne,  v i r a l ,  h n r - t e r i a l ,  anfl h i g h e r  pa ra s i t e s  e x c e p t  h c p a t i  t i s  v i r u s  

which caused upwards of 35,000 c a s e s .  (20) 

The o b v i o u s l y  g r e a t  dependence of t r a n s m i s s i o n  on env i ronmen ta l  i n f l u e n c e s  

s u g g e s t s  t h a t  a p p r o p r i a t e  env i ronmen ta l  changes may be  p a r a l l e l l e d  by c o r r e s -  

ponding changes i n  v i r a l  t r a n s m i s s i o n .  With r e s p c c t  t o  c o n t a c t  t r a n s m i s s i o n  

( d e f i n e d  t o  i n c l u d e  s h o r t - r a n g e  d r o p l e t  s p r e a d ) ,  t h e  impor t an t  cl:anp,es i n  t h e  

physicochemical  environment are  r e l a t e d  t o  t e m p e r a t u r e  and h u m i d i t y ,  and t h e s e  
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have been invoked t o  e x p l a i n  in f luenz r l  and p o l i o m y e l i t i s  and summer d i s e a s e s  

r e s p e c t i v e l y  i n  Ho l l and .  D e l i b e r a t e  changes such as a e r o s o l  d i s i n f e c t a n t s ,  

u l t r a v i o l e t  r a d i a t i o n  and  g r e a t l y  i n c r e a s e d  exchange o f  a i r  so fa r  o f f e r s  

u n c e r t a i n  promise as  methods f o r  c o n t r o l .  

A l l  t h i n g s  l i v i n g ,  v i r u s e s  includes, arc s u b j e c t  t o  m u t a t i o n  which o c c u r s  

s p o n t a n e o u s l y ,  presumably Juc t o  "copying e r r o r s ' '  i n  t h c  r e p l i c a t i o n  of t h e  

DNA or RNA s o u r c e  of g e n e t i c  i n f o r m a t i o n ,  o r  whicli may bci induced by  chemical  

( s u l f o n a t e s ,  f:uaniclinc, n i t r o u s  ac id)  or p h y s i c a l  (UV,  x - r a y )  means. (13) 

For agents  sucli a s  I Iic e n t e r o v i r u s e s  o r  h e p a r i t i s  v i r u s  w l i i c l i  may pers i s t  

i n  t h e  f r e e  s ta tc  i n  wnl-crs p o l l u t e d  by i n d u s t r i a l  v a s t c s ,  one can e n v i s i o n  

induced m u t a t i o n  as  a somewhat g r e a t e r  p o s s i b i l i t y .  How a n  env i ronmen ta l  

i n f l u e n c e  may select  p a r t i c l e s  w i t h  d i f f e r i n g  pa thogen ic  p o t e n t i a l  i s  i l l u s -  

t r a t e d  w i t h  p o l i o v i r u s e s  i n  c e l l  c u l t u r e  a t  h i g h  (+ - 40' C) or low (2 40' C) 

t e m p e r a t u r e s ,  "hot"  s t ra ins  l e n d i n g  t o  have i n c r e a s e d  n e u r o v i r u l e n c e  for 

monkeys, and c o l d  s t r a i n s  t h e  c o n v e r s e .  (**I 

(vacc ine  s t r a i n s  m u l t i p l y i n g  i n  t h e  i n t e s t i n a l  t r ac t s  of f e b r i l e  c h i l d r e n ) ,  

t h i s  same i n f l u e n c e  cou ld  not b e  d e m o n s t r a t e d ,  b u t  env i ronmen ta l  s e l e c t i o n  of 

mutant s t r a i n s  w i t h  modi Fied d i s e a s e  p o t e n t i a l  remains p l a u s i b l e .  

Under s e m i n a t u r a l  c o n d i t i o n s  

- V .  TEMPERATURE AND HUMIDITY EFFECTS 

The i n f o r m a t i o n  a v a i l a b l e  abou t  env i ronmen ta l  e f f e c t s  on v i r u s e s  i s  

d i f f e r e n t  f r o m  t h a t  a v a i l a b l e  f o r  o t h e r  microorganisms because  i t  has been 

g a t h e r e d  by i n v e s t i g a t o r s  guided by d i f f e r e n t  p r a c t i c a l  p u r p o s e s .  The 

p r a c t i c a l  g o a l s  of s u r v i v a l  a n d / o r  i n a c t i v a t i o n  s t u d i e s  on v i r u s e s  have been 

the p r e s e r v a t i o n  of  v i r u s  a c t i v i t y  i n  t h e  l a b o r a t o r y ,  t h e  s e p a r q t i o n  of  i n f e c -  

t i v i t y  from s e r i o l o g i c n l  a c t i v i t y  f o r  t h e  p r o d u c t i o n  o f  v a c c i n e s ,  and t h e  

c h o i c e  of s u i t a b l e  m a n i p u l a t i o n s  i n  tlic h a n d l i n g  of v i r u s e s  f o r  p u r i f i c a t i o n  
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and c o n c e n t r a t i o n .  A mrp t i i o t a n t  !:on1 has twcn t h e  p o s s i b l e  o p p l i c n t - i o n  o f  

i n a c t i v a t  ink; ag(*nt:J Tor r;upitrcso i o n  o f  v i r u s  inEcct -Lvi ty .  

One of t h e  most s i g n i L i c o n t  s L u d i c s  conducted  o n  t h e  effectG of e n v i r o n -  

menta l  factors  on v i r a l  a g e n t s  i s  t h a t  o f  Harpe r  (23) i n  which h e  measured t h e  

i n f l u e n c e  of re la t ive  liumidity ( R . H . )  o n  t h e  s u r v i v a l  of f o u r  v i r u s e s :  

v a c c i n i a ,  inf!.uenza, Venezuelan e q u i n e  e n c e p h a l o m y e l i t i s  (VEE) and poliomye- 

l i t i s .  
i 

T e s t s  w i t h  p o l i o m y e l i t i s  were c a r r i e d  o u t  between 2 1  and 24O C ;  t h e  

o t h e r  v i r u s e s  were exami ned a t  t h i s  and t w o  a d d i t i o n a l  t empera tu re  r a n g e s :  

7 - 1 2  0 
C and '32 - 3 4 O  C .  The v i a b i l i t y  of v a c c i n i a  and i n f l u e n z a  v i r u s  was 

h i g h  one  second a f t e r  t l i r ;seni inat ion,  i n d i c a t i n g  t h a t  these v i r u s e s  were not  

a f f e c t e d  b y  the e x i s t i n g  env i ronmen ta l  c o n d i t i o n s .  The highest:  p e r  c e n t  

r e c o v e r y  of VEE and p o l i o m y e l i t i s  v i r u s  o n e  second a f t e r  d i s s e m i n a t i o n  was 

o b t a i n e d  a t  approx ima te ly  85 p e r  c e n t  re la t ive h u m i d i t y .  Recovery of v i r u s e s  

was reduced  w i t h  a decrease i n  r e l a t i v e  humidi ty  i n d i c a t i n g  a dependency of 

v i a b i l i t y  on humid i ty  . 

a e r o s o l  w a s  s imilar  f o r  

V i a h i l i t y  o f  A 

Temp. 
(OC) 

10.5-11.5 

2 1  .O-23 .O 

31.5-33.5 

R.11. 
(XI 

20 
50 

82-84 

18- 19  
48-51 
82-84 

17-19 
5 0 

80 - 83 

No 
of 

Test: s 

1 
1 
2 

2 
3 
3 

2 
2 
7. 

The i n f l u e n c e  of t empera tu re  on v i a b l e  decay  i n  s t o r e d  

a l l  t h r e e  v i r u s e s  (VEE, v a c c i n i a  and i n f l u e n z a ;  

TAALE 1 

( 2 3 )  rborne V i r u s  9 - 2 3  Hours A f t e r  S p r a y i n g  

.. 
Pcrccntage  v i a b l e  a t  g i v e n  times ( h r . )  

I--- 1 1 

o* 

94 
94 
97 

97 
93 

112 

80 
74 
88 

1 - 
1 2  

I - 
2 

(a) Vncc i n i a  

68 78 
90 90 
81 71  

86 80 
82 83 
96 73 

67 67 
76 6 8  
88 54 

1 

a2 
83 
79 

66 
86 
66 

61 
51 
36 

4 

79 
92 
59 

46 
57 
24 

51 
26 
5.9 

6 

81 
77 
60 

45 
50 
18 

33 
15 

1 . 2  

23 

66 
59 
2 7  

15 
12  
Trace 

13 
Trace  
Trace  
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I 

(Table 1 - cont 'd )  

No. 
1 - 1 

-L 
Temp. R .H. O f  

( O C )  (x) Tests O* 12 2 1 4 

19 
1 

6 2 3  

(b) Influenza 

7 .O-8 .O 23-25 3 88 87 80 78 68 63 61 
51 3 66 49 75 61 39 42 19 
82 3 126 120 71 70 39 35 3 .O 

20.5-24 .O 20-22 5 75 77 65 64 74 66 22 
34-36 '3 86 93 58 59 66 53 14 
50-51 3 84 6 2  49 29 6 . 4  4.2 Trace 

81 4 67 55 22 13 6.4  5.0 Nil 
64-65 'I 7 7  45 29 15 6 . G  3 . 2  N.D. 

32 .O 2 0 3 87 70 56 45 18 17 1.3 
2.7 0.7 Nil 

81 3 91 50 15 6 . 6  Trace Trace N i l  
49-50 3 98 45 22  1 3  

(c) Venezuelan equine encephalomyel i t i s  

9 .O-9.5 19 1 69 54 25  20 27 50 26 
48 1 100 86 16 24 29 24 1% 
86 1 105 90 57 119 100 67 6.2 

21 .O-23 .O 19-23 2 23 17 19 14 11 7 . 5  1.7 
50 2 35 28 21 14 7 . 8  5 . 2  0 . 1  

81-86 2 92 6 3  82 26 16 4.0 0.1 
32.0-33 .O 19 2 27 2 5  18 9.9  6.9 3 . 1  0 . 1 7  

48 2 25 22 8.5 6.1 ca.  1 . 0  0 .1  Trace 
81-85 2 132 80 33 17 c a .  2.0 Trace Nil 

(d ) Po 1 iomye 1 i t  is 

20.5-23.5 18-23 4 19 10 5 . 5  5.9 3.4 3 - 3  1 . 1  
35-36 4 19 7.4 6 . 4  6.7 5.6 5 . 3  0.9 
49-51 5 66 0.6 0 . 1 6  0.06 0.03 Trace Trace 
64-65 5 96 96 91 94 61 55 10 
80-81 5 120 131 112 124 111 105 85 

* Samples c o l l e c t e d  cn .  1 sec. a f t e r  spraying.  

N . D .  = not done.  

Trace = Samples containing viable v i r u s  i n  amountstoo small for accurate assay 

p o l i o m y e l i t i s  was testctl a t  only one tempcrnturc) A l l  survived better a t  the 

lowest temperature test ctcl. I n  this respect the viruses behaved like most 

bacter ia  so Ear examined. 
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With i n f l u e n z a  and p o l i o m y e l i t i s  v i r u s e s ,  t h e  i n f l u e n c e  o f  R.H.  was 

0 examined i n  more d e t a i l  i n  t h e  t e m p e r a t u r e  range 20-24 C .  The re  w a s  a s u d d e n -  
I 

i n c r e a s e  i n  t h e  v i a b l e  decay rate o f  i n f l u e n z a  v i r u s  when the R . H .  w a s  r a i s e d  

above 35 p e r  c e n t .  A t  a R.H.  of 50, 65 and 80 p e r  c e n t ,  v iab le  deoay fa te  of 

t h i s  v i r u s  proceeded a t  c l o s e l y  similar rates. However, w i t h  p o l i o m y e l i t i s  

v i r u s ,  where _he i n f l i i c n c e  of R . H .  was r e v e r s e d ,  t h e  sricldcn i n c r e a s e  i n  v i a b l e  

decay rate when t h e  I< . I I .  war; lowered t o  50 p e r  c e n t  wns followecl b y  improved 

s u r v i v a l  a t  R . I I .  o f  35 niid 20 p e r  ccnt., tliougli v i a b l e  tlecily rates wc'rc still 

more r a p i d  than a t  R . H .  above 50 pcr  ccnt .  T , I C  d a t a  i n  Table 1 i n d i c a t e  t h a t  

t h e  a i r b o r n e  particle:; rciiiain v i a b l e  f o r  ij c o n s i d e r a b l e  t i m e  i n  f n v o r a b l c  

c o n d i t i o n s  and t ha t  tliclse c o n d i t i o n s  arc not  t h e  same fo r  t h e  f o u r  v i r u s e s  

t e s t e d .  

Another s i g n i f i c a n t  piece of  r e s e a r c h  is t h a t  of  E h r l i c h ,  Miller and 

Id 'oine.  ( 2 4 )  

e x p e r i m e n t a l  s tuc l i e s  to d e t e r m i n e  t h e  r e c o v e r y  l e v e l s  and t h e  decay rates of 

c o l i p h a g e  n c r o s o l i z e d  at rli € f e r e n t  I i umid i t i e s  from f r e s h  and s t o r e d  c u l t u r e s .  

They a l s o  rxaminerl the el fec l : ;  of s e l c c t c d  cornpounds on t h e  s u r v i v a l  of T-7 

c o l i p h a g e  a t  adverse tiuiiiidity cond-l t i o n s .  Tlre i n i t i a l  a e r o s o l  s t a b i l i t y  o f  t h e  

c o l i p h a g e ,  ca-lcul a t e d  as p e r  cent r ecove ry  t w o  minu tes  a f t e r  a e r o s o l i z a t i o n ,  

was no t  a f f e c t e d  b y  p r i o r  s t o r a g e  i n  n u t r i e n t  b r o t h  c o n t a i n i n g  5 R p e r  l i t e r  of 

sodium c h l o r i d e  a t  10 o r  -70° C f o r  up  t o  f o u r  m o n t h s .  

increase i n  t h e  suhscquen t  a e r o s o l  decay r a t e  o f  tlie c o l i p h a g e  t h a t  had been 

s t o r e d  a t  10 w a s  observed (7'ablc 7 ) .  

These i n v c s t i g n t o r s  used b a c t e r i o p h a g c  as a model system i n  t h c i r  

However, a s l i g h t  

0 
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Lot # 

1'001 

1 

2 

3 

4 

5 

2 1  

S t o r a g e  4 no. _. S t o r a g e  4 m o .  
loo C -70° C Fresh  10" c - 70'' c; Freeh  

70 % ,  - x 
81 x 10'' ' I 4  I. I O 8  5 .f+ x IO8 It6 . 2  66 . 3  57.8 

33 x 10" 2 1  IO8 1 2  x IO8 55.8  79.4  46 .8  

78  x 10' 75 :< I O 8  10 x lo8 6 8 . 4  58.8 5 2 . 4  

72 x 108 54 x lo8 .07 x LO8 70.9  5 5 . 9  57.6 

86 x 10' 43 x lo8 1 . 4  x lo8 65.6 6 5 . 2  50.2 

114 x 10' 65 x lo8 26 x 10' 47.9 5 0 . 1  49 .9  

TABLE 2 

E f f e c t s  of S t o r a g e  on V i a b i l i t y  of T-3  Col iphage  Aeroso l i zed  

( 2 4 )  a t  85% R e l a t i v e  Humidity and 23' C 

5.5 

5.5 

5.5 

5 . 6  

6 . 4  

4 . 9  

Aerosol  Recovery 
a t  2 min .  

I I Mean C u l t u r e  Count 
p laq  ue/ml 

8.5 6 .6  

6 . 5  5.3 

6 . 3  4 . 6  

6.6  6 . 7  

7.4 4.4 

8 . 0  8 . 3  

R e  1 a t i v e  Hum i d  i t y 
% 

85 

Aerosol Decay Rate  
pe r  min. 

Aerosol  Recovery A e r o s o l  Decay 
a t  2 Min.  7" Rate /Min .  % 

55.0 5 .o 

The s u r v i v a l  ol: a i r b o r n e  c o l i p h a g e  was a l s o  i n v e s t i g a t e d  a t  30,  55 and 

85 p e r  c e n t  r e l a t i v e  humidi ty  (Table  3 ) .  S t a t i s t i c a l  a n a l y s i s  of the  average  

p e r  c e n t  r ecove r  ics and aerosol decay r a t e  i n d i c a t e d  t h a t  t h e  observed d i f f e r -  

ences  were s i g n i f i c a n t .  The  l i ighcs t  decay r a t e  occur red  a t  55 per  cent 

r e l a t i v e  humid i ty .  The  highest i n i t i a l  a e r o s o l  r ecove ry  was ob ta ined  a t  85 

p e r  cent  r e l a t i v e  l i u m i c l i t y  . 

TABLE 3 

(24)  E f f e c t s  of  H u m i d i t y  on V i a b i l i t y  of Ai rborne  T-3 Col iphage  
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s u s p e n s i o n  b e f o r e  t h e  p a r t i c l c s  were a e r o s o l i z e d ,  Compared w i t h  u n t r e a t e d  

con t ro l s  t h e  a d d i t i v e s  had no m a t e r i a l  effect  upon t h e  i n i t i a l  s t a b i l i t y  of 

t h e  aerosols a t  50 and 85 p e r  c e n t  r e l a t ive  h u m i d i t i e s .  However, 0 .1  M concen". 

t r a t i o n s  of i2xtrose seemed t o  r e t a r d  subsequen t  b i o l o g i c a l  d e c a y s ,  a t  l e a s t  

a t  50 p e r  c e n t  r e l a t i v e  h u m i d i t y .  The aerosol decay  ra te  of t h e  c o l i p h a g e  a t  

50 p e r  c e n t  r e l a t i v e  humidi ty  i n  t h e  presence  of 0 . 1  M d e x t r o s e  was 3.6 p e r  

cent p e r  m i n u t e ,  a s  comi)nretl w i t h  8 . 5  per c e n t  p e r  minute  f o r  ccrtiptiago d i s -  

semina ted  w i t h o u t  ttic a d d i t i v e .  Tlic d l f f e r e n c c  was s i g n i f i c a n t .  The a e r o s o l  

decay ra tes  of t h e s e  L W O  t r e a t m e n t s  n t  85 p c r  c e n t  r e l a t i v e  humidi ty  were not 

s i g n i f i c a n t l y  d i f f e r e n t .  

I n  a s i m i l a r  s t u d y ,  Webb(25) r e p o r t e d  on s u r v i v a l  and i n a c t i v a t i o n  of 

a i r b o r n e  p igeon pox and Roux sarcoma v i r u s e s  a t  r e l a t i v e  h u m i d i t i e s  r a n g i n g  

from 10 t o  100 p e r  c e n t ,  w i t h  and w i t h o u t  t h e  a d d i t i o n  of i n o s i t o l .  P igeon pox 

v i r u s  was n o t  a f f e c t e d  b y  changing  t h e  re la t ive  humidi ty  d u r i n g  t h e  f i v e  h o u r s  

of a e r o s o l  l i f e .  A t  r e l a t i v e  h u m i d i t i e s  a b o u t  50 per  c e n t ,  t h e  Roux sarcoma 

v i r u s  was f a i r l y  s t a b l e ,  b u t  i n a c t i v a t i o n  i n c r e a s e d  w i t h  a d e c r e a s e  i n  r e l a t ive  

humidi ty  u n t i l  '30 p e r  cent  reliativc Iiumidity, below which r e c o v e r y  of t h e  l i ve  

v i r u s  increaacd. When the v i r u s  was a e r o s o l i z e d  from a 6 p e r  c e n t  i n o s i t o l  

s o l u t i o n ,  t h e  decay  under  70  p e r  c c n t  r e l a t ive  humidi ty  was reduced .  With b o t h  

v i r u s e s ,  t h e  i n a c t i v n t i o n  was most r a p i d  d u r i n g  t h e  f i r s t  hour  of a e r o s o l  l i f e ,  

and t h e r e  w a s  no i n d i c a t i o n  t h a t  tlie decay r a t e  was reduced  by inos i to l  d u r i n g  

t h i s  p e r i o d .  

Songer  (26) des igned  :in exper iment  u t i l i z i n g  3 modified t o r o i d  f o r  n s t a t i c  

a e r o s o l  chamber t o  s t u d y  t h e  e f f e c t s  of r e l a t ive  humidi ty  and t e m p e r a t u r e  on 

a i r b o r n e  v i r u s e s .  Siuctic:; were corductet l  a t  23  C and a t  t h r e e  r e l a t ive  0 
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humid i ty  levels (10, 35 and 90 p e r  c e n t )  w i t h  f o u r  viruses:  Newcastle d i s e a s b  

RH Level Favor ing  

v i r u s  (NDV),  i n f e c t i o u s  bov ine  r h i n o t r a c h e i t i s  v i r u s  ( I B R ) ,  v e s i c u l a r  stoma- 

t i t i s  v i r u s  (VSV),  and E s c h e r i c h i a  c o l i  B-T3 b a c t e r i o p h a g e  (T-3 phage) .  

C a i r b o r n e  NDV and VSV s u r v i v e d  b e s t  a t  90 p e r  c e n t  re la t ive  h u m i d i t y .  A l l  of 

A t  2 3 O  

+Nucleic 

t h e  v i r u s e s  had t h e  poorest s u r v i v a l  a t  35 p e r  c e n t  r e l a t i v e  humid i ty .  A t  10 

p e r  c e n t  r e l a  ivr: hundt l i ty ,  NDV s u r v i v c d  e q u a l l y  w e l l  a t  23 and 37' C. 

Data from s e v e r a l  s t u d i c r i ,  i n c l u d i n g  S o n g c r ' s ,  t end  t o  show some r e l n t i o n -  

s h i p  between s e n s i t i v i t y  t o  r e l a t i v e  huiiiitlity and o t h e r  c h a r a c t e r i s t i c s  of 

viruses .  I n  T a b l e  4 ,  c:iWht vi-ruses a re  l i s t e d  t ~ i t h  t h e i r  s e n s i t i v i t y  t o  

r e l a t ive  humid i ty ,  their nucleic a c i d  c o r e ,  the i r  s e n s i t i v i t y  t o  e t h e r  and 

(27) t h e i r  c l a s s i f i c a t i o n ,  as s u g g e s t e d  by W i l n a r .  

TABLE 4 

Comparison of t h e  S e n s i t i v i t y  of 11 V i r u s e s  t o  G e n e r a t i o n  and S t o r a g e  

(26) a t  Three R e l a t i v e  Humidity L e v e l s  

V i r u s  
--- 

Roux sarcoma 

I n f l u e n z a  A 

Newcastle Disease 

Pigeon Pox 

Vaccinia 

P o l i o m y e l i t i s  

P s i t t a c o s i s  

Bac te r iophage  T-3 

- 
Low - 

c 

+ 
+ 
+ 

urv iv t  
Med 

4- 

-I 

Acid Core -mj 
RNA 

RNA 

RNA 

DNA 

DNA 
RNA 

RNA/DNA 

DNA 

E t h e r  
S e n s i t i v i t y  

+ 
+ 
+ 
4- 

chloroform+ 

+ 
+ 
- 

Class  if ica t i o n  
by Wi lne r  

myxov i r us 
myxovirus 

myxovirus 

poxv i rus  

poxvirus 

p i cor nav i r us 
not c l a a s i f i e d  

bnc t e r  iophege 

- 
R e f .  
I 

25 

23 

26 

25 

23 

23 

28  

26 
I_ 

Although t h e s e  d a t a  a r c  i n c o m p l e t e ,  t h e y  s u g g e s t  tliat s imple g e n e r a l i z o -  

t i o n s  canno t  be niadc r e g a r d i n g  t h e  s c n s i t i v i t y  of d i f f e r e n t  groups of v i r u s e s  

t o  r e l a t ive  humid i ty .  Some r i h o n c i c l c i c  a c i d  (RNA) v i r u s e s  s u r v i v e  b e s t  a t  low 
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Some v i r u s e s  t h a t  s u r v i v e  hesd r e l a t i v e  h u m i d i t y ,  and others a t  higli hrmiidity.  

a t  h i g h  r c l a t i v e  h t i n i i d i t y  a r e  e t h c r - s e n s i t i v e ,  and o t h e r s  a re  n o t .  One of t h e  

myxoviruses s u r v i v c s  b e s t  :it h i g h  relativc humid i ty ;  t h e  o t h c r  two a t  low r e l a -  

t i v e  humid i ty .  S e n s i t i v i t y  to re lat ibe humid i ty  a p p e a r s  t o  be an  i n d i v i d u a l  

c h a r a c t e r i s t i c  of a v i r u s .  

A d d i t i o m l  d a t a  are p r e s e n t e d  by Akers and c o l l e a g u e s  who r e c e n t l y  

s t u d i e d  t h r e e  s t r a i n s  of Columbia S K  group v i r u s e s  (Mengo, Maus E l h e r f e l d  (ME) 

and Col-SK v i r u s e s )  t o  de t e rmine  i f  t h e  t h r e c  s t r a i n s  are  i d e n t i c a l  i n  a e r o s o l  

b e h a v i o r .  A l l  tlirec nLr:iins were found t o  g i v e  i d e n t i c a l  a e r o s o l  decay 

p a t t e r n s  a t  16 

f i r s t  f i v e  rninutcR of aerosol o t o r a ~ ; ~ ?  t i m e  a t  16 C ,  v i r u s  i n a c t i v a t i o n  was 

r e l a t i v e  humidity-clepc,ritfent , w i t h  s u r v i v a l  maximal a t  e i t h e r  high ( g r e a t e r  t h a n  

80 p e r  c e n t )  or l o w  ( l e s s  t h a n  5 p e r  c e n t )  re la t ive  h u m i d i t y .  ALter f i v e  

minutes  a t  16 C, f u r t l w r  i n a c t i v n t i o n ,  r e g a r d l e s s  of r e l a t i v e  humid i ty ,  was 

i n s i g n i f i c a n t .  on s u r v i v a l  of r e l a t ive  humid i ty  between 

40 and 60 per cent  iJas even  more pronounced t h a n  a t  16 C, and c o n t i n u e d  a f t e r  

f i v e  minu tes  t h r o u g h  s i x  h o u r s .  R e s u l t s  of t h i s  s t u d y  i n d i c a t e d  t h a t  t h e  

i n a c t i v a t i o n  of a i r b o r n e  Col-SK g r o u p  v i r u s e s  was s i m i l a r  t o  t h a t  of o t h e r  

r i b o n u c l e i c  a c i d  (RNA) v i r u s e s ,  p a r t i c u l a r l y  p o l i o .  S i n c e  mcmbers of tlie 

Col-WK group a r c  p i c o r n a v i r u s e s ,  thcy may w e l l  s e r v e  L I S  an a e r o s o l  model 

r e p r e s e n t a t i v e  of small, c t l i e r - r e 8 i n t n n t .  s i n g l e - s t r a n d e d  RNA v i r i i e e s .  

or ?6(’ C when he ld  a t  tlie samc r e l a t i v e  h u m i d i t y .  During t h e  

0 

0 

A t  2 6 O  C ,  t h e  e f f e c t  

0 

O f  c o n s i d e r a b l e  e p i d r m i o l o g j c a l  s i g n i f i c a n c e  nre c h e  t i n d i n g s  o f  S i d w e l l  

and co-workers .  (”) Ttiey F n v e s t i g a t c d  t h e  p e r s i s t e n c e  ol: v a c c i n i a  v i r u s  on 8 

v a r i e t y  O L  wool and c o t t o n  f a b r i c s .  TI)@ f a b r i c s  were con tamina ted  w i t l t  v i r u s  

e i t h e r  by d i r e c t  c o n t a c t ,  by a e r o s o l ,  or by d u s t  and were t h e n  s t o r e d  a t  low 

and h i g h  humidities a t  c o n s t a n t  t e m p e r a t u r e s .  E i g h t y  s t e r i l e  swa tches  of e a c h  

f a b r i c  were exposed t u  10’ ce l l  c u l t u r e  50 p e r  c e n t  i n f e c t i o u s  doses (CCID ) 50 
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of v i r u s  by one of tlie tliree niethocl::. The f a b r i c s  were t h e n  p l aced  i n  t h e  

humidi ty  c a b i n e t s ,  antl f i v e  swa tches  of e a c h  f a b r i c  w e r e  t e s t e d  f o r  t h e  

p r e s e n c e  and t i t e r  of v i r u s  a t  t h e  f o l l o w i n g  t i m e  i n t e r v a l s :  immediately a f t e t  

exposure  t o  v i r u s  ( z e r o - t i m e ) ,  2 h o u r s ,  and  1, 2 ,  4 ,  6 ,  8 ,  10, 1 2 ,  14, 16, 18, 

2 0 ,  22 and 24 weeks a f t e r  v i r u s  exposure  or a t  least  two t i m e  i n t e r v a l s  a f t e r  

v i r u s  could nc l o n g e r  bc  r ecove red  from t h e  material .  The v i r u s  t i t e r s  of t h e  

i n d i v i d u a l  mlatchos varictl r c l n t i v c l y  l i t t l e  from t h e  mean l i t e r  of v i r u s  

r e c o v e r e d ,  r e t :n rd l e j s  o C  L I I V  niarincr ot exposure of thr swatch t o  t h c  v i r u s ;  

95 p e r  cenL c:onrldcncc l i i t i i t : ;  w r e  lltiuil1Iy less t h a n  2 0 . 5  log. Each nicthotl of 
i 

exposure  of Llic swa tches  t o v i r u s  r e s u l t e d  i n  approx ima te ly  c o n s t a n t  amounts 

(10 t o  10 CCID ) of at:ent b e i n g  r e c o v e r a b l e  a t  z e r o - t i m e .  I n  most cases, 

however, t h e  p e r s i s t e n c e  of t h e  v i r u s  v a r i e d  w i t h  t h e  method of e x p o s u r e .  For  

8 9 
50 

example,  a t  35 p e r  c e n t  liumidity v i r u s  p l aced  on c o t t o n  f a b r i c s  and on wool 

b l a n k e t  material, as n d u s t , w a s  r e c o v e r e d  i n  h i g h e r  t i t e r  t h a n  when p l a c e d  on 

f a b r i c s  as a n  a e r o s o l  or b y  d i r e c t  c o n t a c t .  A t  t h i s  same h u m i d i t y ,  v i r u s  

a p p l i e d  as on a e r o s o l  g e n e r a l l y  p e r s i s t e d  longer t l ian l i q u i d  v i r u s  s u s p e n s i o n s  

p i p e t t e d  o n t o  t h c s c  Same f a b r i c s .  A t  78 p e r  c e n t  humid i ty ,  t h c  r e s u l t s  were 

n o r c  v a r i e d .  The v i r u s  );enc’r;illy cou ld  not bc r ecove red  i n  two t o  f o u r  wcoks 

from wool f a b r i c s  ant l  i n  one t o  two weeks from c o t t o n  f n h r i c u  l i e l d  i n  t h e  high 

humid i ty .  It was observed tha t  tlic v t r u s  remained v i a b l e  011 the wool m a t e r i a l s  

f o r  l onge r  p e r i o d s  o f  time t h a n  on c.otton f a b r i c s .  T h e  v i r u s  nppeiired t o  be 

less s t a b l e  i n  rhe 1iIgl) humid i ty ,  antl the. iiiethotl of exposure  of the f a b r i c s  t o  

v i r u s  a p p a r e n t l y  had a n  c f l c c t  on the  p e r s i s t e n c e  o f  t h e  a g e n t .  O n  a l l  f a b r i c s .  

v i r a l  p c r G i s t c n c c  was of s u f f i c i c n t :  d u r a t i o n  t o  be o f  e p i d e m i o l o g i c a l  s i g n i f i -  

c a n c e .  

wool and co t ton  fabric.:, c.xposcd L O  tlie a g e n t  hy t h e  same tlirce nietliods 
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d e s c r i b e d  p r e v i o u s l y ,  n i t e r  s t o r a g e  of t h e  v i r u s - c o n t a m i n a t e d  f a b r i c s  i n  h i g h  

and low r e l a t i v c  h u m i d i t i e s .  When h e l d  a t  35 p e r  c e n t  r e l a t ive  humid i ty ,  v i r u s  

p e r s i s t e d  f o r  twenty weeks on wool f a b r i c s ,  b u t  on ly  one t o  f o u r  weeks on 

c o t t o n  f a b r i c s .  A t  tliis r e l a t i v e  humid i ty ,  v i r u s  t i t e r s  on wool f a b r i c s  

d e c r e a s e d  r a p i d l y  t o .  lov but  d e t e c t a b l e  l e v e l s  which  p e r s i e t e d  for long p e r i d s  

o f  t i m e ,  whereas  i n  78 per c e n t  r e l a t i v e  h u m i r l i  t y  t h e  d e c r e a s e  i n  v i r u s  t i t e r  

was less r u i ) i d ,  b r i t  I S I M .  I'criocl o f  v i r a l  p c r s i s t a n c c  w a s  s h o r t e r .  G c n e r o l l y ,  

v i r u s  t i t e r s  on co t to r i  f a b r  icc; he ld  i n  bot11 r e  l n t i v c  l i umid i t i e s  d e c r e a s e d  

e x p o n e n t i a l l y  t o  a n  u n d c t c c t a l l e  l e v e l .  Tlic t y p e  of f ab r i c  and weave 

a p p a r e n t l y  i n f l u e n c e d  tlic r e c o v e r y  o f  t h e  agent ,  and ;i[:ain t h e  method of f a b r i c  

con tamina t ion  had a profound effect on t h e  p e r s i s t a n c c  of t h e  v i r u s .  However, 

t h e  d e c r e a s e  i n  v i r u s  t i t e r  w i t h  time on any g i v e n  l a b r i c  w a s  c o n s i s t e n t  

r e g a r d l e s s  of  which riicthod of c o n t a m i n a t i o n  was used.  P o l i o v i r u s  p e r s i s t e d  on 

wool m a t e r i a l  f o r  t h e  l o n g e s t  p e r i o d s  o f  time, s u b s t a n t i a t i n g  t h e  r e s u l t s  

o b t a i n e d  by S i d w c l l  ( 3 0 )  w i t h  the  v a c c i n i a  v i r u s  s t u d i e s .  An e x p l a n a t i o n  f o r  

t h e s e  o b s e r v a t i o n s  i .6 d i f f i c u l t ,  and one i s  tempted t o  s p e c u l a t e  t h a t  c e r t a i n  

types of f a b r i c s  may p r o v i d e  a p r o t e c t i v e  environment  f o r  t h e  v i r u s .  Wool 

f i b e r s  c o n s i s t  mainly of k e r a t i n  and have a c u t i c l e  o f  o v e r l a p p i n g  scales.  

C o t t o n  f i b e r s  are f l a t t e n e d ,  t w i s t e d  c e l l u l o s e  t u b e s  w i t h  a small amount of 

p e c t i n s  and waxes i n  t h e  o u t e r  w a l l .  The n a t u r a l  m o i s t u r e  c o n t e n t  of wool is 

somewhat h i g h L r  t h a n  t h a t  o f  c o t t o n .  There is  also t h e  p o s s j b i l i t y  t h a t  t h e  

v i r u s  i s  he ld  less t i g h t l y  t o  t h e  woolen fabric:; t l inn  t o  the c o t t o n  m a t e r i a l ,  

t h u s  a l l o w i n g  t h e  v i  rim t o  bc rccoveret l  i n  higlicr tiLcir. Howcver, s i n c e  the 

v i r u s  t i t e r  t lc*crensed, i n  most c'nscs, a t  :J s t e a d y  r a t e  w i t t i  i n c r e a s i n g  time, 

t h e  i m p l i c a t i o n  IC; t t i a t  Clie a g r n t  lost its v i l i b l l i t y  ripon s t o r a g e .  

Greene Sy:jterllnt icnlly i n v c v t i g n t e d  t h e  s L . i b i l i t y  of t h i r t e e n  non- 

pa thogen ic  bacter iopl iagc: ,  , r e p r e s e n t i n g  f i v e  di f f erent  hos t  r e l a t e d  g r o u p s ,  
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which were compared t o  T - 1  phage w i t h  rey:ard t o  submicron a e r o s o l  s t a b i l i t y  and 

r e s i s t a n c e  to d e s i c c a t i o n .  lie fount1 a w i d e  spcc t rum of stability bctwcen phagd 

groups ,  betwccn indFvit1u;il s t r n i r i n  of  a liomolngous ):roup r l n d  wi t l i i i i  ‘ t  lie N I I I ~ I ( \  

phage s t r a in  a f t e r  p u r i  f i c a t  i o n .  LCSYS s i g n i f i c a n t  d i t f c r c n c e s  were notcd 

between t h e  drying treatments (Table 5 ) .  T-1 c o l i p h a g e ,  for example,  belinved 

a l i k e  i n  t h e  . r u d e  and s e m i p u r i f i r t l  s t a t e  ( a f t e r  scphndcx f i l t r a t i o n ) ,  bu t  was 

c o n s i d e r a b l y  morc l n h i  IC: after d i a l y s i s ;  t h e  same was t r u c  w i t h  B - 3  (pseudo- 

monas phage) . On tlic c,t!icr hand,  anot;ler psewlomorias phage ( D - 3 )  was more 

l a b i l e  a f t e r  scJpiindcx f I 1 t r a t io t i  t h a n  belore a n d ,  i n  t h c  c;ise of a b n c i l l o p h a g c  

(Log I7nl i o  ReductLons) 

Phage Cr 1 

! i c  
5 8hr :: 

2 . 2 2  

0 . 2 6  

0.42 

0 . 5 7  

1 . 1 3  

0.47 

1.. 13 

4 . 0 8 

1.06 

1.96 
--- 

e 

A i r b  I n s  t 

1.88 

0.16 

0.28 

0.68 

1.33 

0 .79  

1 . 7 9  

1 . 3 1  

4 . 0 6  

1 . 2 2  

I .40 

1 .64  
-- 

- S eph: 
S t  

~ 211rs 

1.02 
- 

0 . 3 9  

0.81 
- 

1.18 

2 . 7 7  

0.05 

t i c  
> 8 h r s  I 

2 . 0 2  

0.81 
- 

0 .67  

2 . 5 1  

1 - 6 5  

1 . I O  

? .83 

z e d  Dial  zed 

h i r b  las  t 

6 . 1 8  
- 
- 

3 -83 
- 
- 

2.18 

I 
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Probab ly  t h e  most s i g n i f i c a n t  s i n g l e  v a r i a b l e  i n f l u e n c i n g  a e r o s o l  

s t a b i l i t y  o t h e r  t h a n  t h e  phage t y p e  i t s e l f  was t h e  menstrum from which t h e  

phage w a s  n e b u l i z e d .  T h i s  i n f l u e n c e d  not  o n l y  t h e  u l t i m a t e  p a r t i c l e  s i z e  

(which i n  t u r n  v o u l d  a f f e c t  t h e  p h y s i c a l  decay  r a t e ) ,  b u t  also t h e  amount of 

p r o t e c t i o n  t h e  naked v i r u s  would have d u r i n g  d r y i n g ,  t h e  d e g r e e  of  c lumping,  

t h c  osmot i c  pressure i.n t h e  d r o p l e t ,  and the chemical d c i i a t u r a t i n n  o f  v i r u s  

p r o t e i n  tlur n;; clcnaLiJr:i( i o n .  

Aeroso i z n t i  011 t c:cltnjcluc.t; cnn ‘ 1 1  iio i n f luc i i c f  :ipp:ircnt aerosol s t a b i l i t y .  

The obvious (:fI.cct J S  by gc>neriltinf: e i t h e r  1nrt;e o r  sinal 1 o r i g i n a l  d r o p l e t s  and 

t h u s  influencinF; tlie r a t e  O T  c l ry  ins: and u l t i m a t e l y  t i l ( ’  r a t e  o f  b i o l o g i c a l  

decay .  A rrtorc sub t l t ’  cLCcct invn lveu  t h e  qt-resses t o  which t h c  v i r u s  i s  

exposed i n  t h e  g e n e r a t o r  r e s e r v o i r .  Greene (s G) Cound t h a t  some phages 

were p a r t i a l l y  i n a c t i v a t e d  by  t h c s c  s t resses ,  whereas  a t  least one showed a n  

a p p a r e n t  i n c r e a s e  i n  count-. 

i n  a s t u d y  of prolonged s t o r a g e  anti a e r o s o l  s t a b i l i t y  of T-3 c o l i p h a g e .  F r e s h  

s u s p e n s i o n s  o f  phage were examined f o r  s t a b i l i t y  i n  o c r o s o l a  o r  were h e l d  as 

l ong  as  72  d a y s  a t  :I v a r i e t y  of t e m p e r a t u r e s  and s t o r a g e  c o n d i t i o n s  and t h e n  

were aerosoljzcd. Tlic ‘icrosol s t u d i e s  were c a r r i e d  o u t  i n  r o t a t i n g  drums h e l d  

a t  21° C and v a r i e d  r c l n t i v e  h u m i d i t i e s .  

of  a e r o s o l i z n t i o n  becamc: i n a c t  i v n t c d  a r  s i m i l a r  r n t c s  r e g a r d l e s s  of t h e  

r e l a t i v e  humitl i ty,  except: a t  n v e r y  l o w  Level (10 per c e n t  R . H . )  where t h e y  

were i n a c t i v a t e d  r a t h e r  c luickly.  Tile s t o r e d  phages wcrc found t o  s u r v i v e  

b e t t e r  a t  -20°  o r  21 

t e m p e r a t u r e  t lur jng s to roy ,c ,  howcwcr, was d e t r i m e n t a l .  Tn g e n e r a l ,  s t o r a g e  

treatment:;  d i d  no t  rriarl~c~d1;. n l l e c t  n e r o s o l  s t a b i l i t y  of t h e s e  pliagcs. Rofajko 

and Younp. ( j 4 )  c a r r i v t l  o u t  stuciie:; t o  prov ide  i n f o r m a t i o n  on t h e  Lticrmal as wel l  

8s  t h e  pH : ; t n b i l i t y  o C  adenov i rus  Type 1 2 ,  1 4 ,  and 18.  They  fount1 t h a t  t h e s e  

Warren and Hatch ( 3 3 )  r e p o r t e d  s i m i l a r  f i n d i n g s  

, 

Phages s u r v i v i n g  t h e  i n i t i a l  stress 

l o  31’ C t h a n  a t  4’ C .  A g i t a t i o n  or wide r l u c t u a t i o n  i n  
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A t  56' C, Types 1 2  0 v i r u s e s  were r e l a t i v e l y  s t a b l e  when exposed t o  4 and 37 C .  

and 18 were c o m p l e t e l y  i n a c t i v a t e d ,  and Type 14 was more t h a n  99 per  c e n t  

i n a c t i v a t e d  a f t e r  e i g h t  m i n u t e s .  T h i r t y  s u c c e s s i v e  f r eeze - thaw c y c l e s  caused 

no l o s s  of  i n f e c t i v i t y  of Types 1 2  and 18. Type 14 showed no i n a c t i v a t i o n  

a f t e r  15  c y c l e s .  

A s i m i l a r  s t u d y  has been performed by  S h a r p  and l i i s  c o l l a b o r a t o r s  ( 3 5 )  who 

demonstrated t t i a t  vacr- i i i i ; i  v i r u s  is e x c e e d i n g l y  stablca w i  tli a n  inclfcnted h n l f  

L i f e  of  "many" yr.nr:i a t  - 7 ?  (:. In L I i i : :  c.xpcriiiienta1 work vaccf riin v i r u s  

p r e p a r a t i o n s  were ltcpt i n  a Revco mechanicnl r e f r i g e r ;  t o r  a t  -62" c f o r  1 7 1  

0 

d a y s .  They were t i t r a t e d  weekly f o r  fou r  weeks and t h e n  .it l o n g e r  i n t e r v a l s .  

I n  a series of t e n  t i t r a t i o n s ,  tliert, was no d e t e c t a b l e  change i n  v i r u s  

q u a l i t y .  O n c  p r e p a r a t i o n  was s u b j c c t c d  t o  t h r e e  s u c c e s s i v e  c y c l e s  of f r e e z i n g  

a t  -20 C and thawing i n  a water b a t h  a t  room tempera ture .  T i t r a t i o n  r e s u l t s  

and p a r t i c l e  c o u n t s  i n d i c a t e d  t t i a t  this v i r u s  w a s  not  measurably a l t e r e d  by 

t h i s  t r e a t m e n t .  

0 

- VI. LIGHT SENS lTIVITY 

S i n c c  Ranb (") f i r s t  r e p o r t e d  jn 1900 t h e  d e s t r u c t i v e  e f f e c t s  o f  v i s i b l e  

l i g h t  on microorganism:; as mediated th rough  p h o t o s e n s i t i z i n g  d y e s ,  c o n s i d e r a b l e  

a t t e n t i o n  has  been g i v e n  t o  t h e  d e l i b e r a t e  i n a c t i v a t i o n  nf v i r u s e s  by t h i s  

method. Rut t h e  i n f o r m a t i o n  i e  s c a n t y  on t h e  e f f e c t s  of  v i s i b l e  l i g h t  i n  t h e  

absence of p h o t o s y n t h e s i z i n g  t l y e s .  

One of tlie e a r l i c s t  :;yc:teinntic i n v e s t i g a t i o n s  o f  t h i s  s u b j e c t  was by 

S k i n n e r  and Rrntl isli ('j7) w ~ i o  made  a conipnrcit i v c  s t u t ~ y  o f  ttie i n f l i i cnce  of 

exposure  t o  1 ight on t lw infet  t - i v i t y  of ouspenuion:; o f  v i r u s e s  of ( a )  f o o t  and 

mouth diseasr (FMD), (1))  v e s i c  u l a r  s t o m a t i t i s  ( V S V ) ,  ( c )  i n f l u e n z a ,  (d)  New- 

c a s t l e  d i s e a t t r  (MIV), and ( e )  Fowl p l a g u e .  Suspens ions  werc! prepa red  by g r i n d -  

i n g  i n f e c t i v c  I i s s u e  i n  tlie p r o p o r t i o n  of 1 g to 9 or ?4 1111. of suspend ing  
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medium. A f t e r  c l a r i f i c a t i o n  by  c e n t r i f u g a t i o n  the s u p e r n a t a n t  was t a k e n  as t h e  

i n i t i a l  v i r u s  s u s p c n n i o n .  The l i g h t  i n t e n s i t y  t o  which s u s p e n s i o n s  were 

exposed d u r i n g  o p e r a t i o n s  was normally abou t  '300 f o o t c a n d l e s  and neve r  exceeded 

600 f o o t c a n d l e s .  

by making a s i n g l e  d i l u t i o n  o f  t h e  i n i t i a l  v i r u s  s u s p e n s i o n  and d i s t r i b u t i n g  i t  

as  two 5 m l .  snmplcs  i n  screw capped b o t t l e s .  One o f  t h e s e  b o t t l e s  w a s  exposed 

t o  d a y l i g h t  on :I 1Ehora to ry  bc nch i n  f r o n t  of  a window f a c i n g  w e s t  and t h e  o t h e r  

k e p t  i n  t h e  d a r k  t o  ( c i v c  a c o n t r o l .  Approximate ave rage  l i g h t  i n t e n s i t y  

d u r i n g  t h e  s t u d y  ptbri 1d ! / \pr i l -Angust)  t h i r t y  i n c h e s  fr,)m window f a c i n g  w e s t ,  

for t h e  pe r iod  I O - U I )  , I  . I I I .  t o  2 : O O  p . in . ,  was 400 f o o t c a n d l e s  whca t h e  s k y  was 

c l o u d l e s s  and 18O/3OO/ 7 0 0  footccrritllc~; w h e n  t h e  sky  was co tnp lc t e ly  o v e r c a s t  w i t h  

low/medium/hi~:ti ~ l o u d s .  In view of t h i s  v a r i a b l e  i n t c n s i t y  of  day1 i g h t  * t h e  

i n v e s t i p , a t o r ;  employed .i s o u r c e  of  1 i g h t  of const-nnt € n t c n s i t y  when comparison 

was t o  be macle between d i f f e r e n t  e x p e r i m e n t s .  

Exposure o f  t h e  v i r u s  s u s p e n s i o n s  t o  d a y l i g h t  w a s  accomplished 

The i n f e c t i v i t y  t i t e r s  of t h e  V S V ,  i n f l u e n z a  NDV and fowl p l ague  fo l lowed  by 

exposure  t o  d a y l i g h t  f o r  f o u r  hour s  were 3-5 l o g a r i t h m i c  u n f t s  lower t h a n  t h o s e  

i n d i c a t e d  by t h e  d a r k  c o n t r o l s .  I n a c t i v a t i o n  due t o  exposure  t o  d a y l i g h t  was 

demons t r a t ed  i n  s imiLar  expe r imen t s  w i t h  a n  egg s t r a i n  of v a c c i n i a  v i r u s ,  a 

mouse n e u r o t r o p i c  s t r a i n  of  i n f l u e n z a  virus and w i t h  gu inea  p i g  s t r a i n s  and 

mouse n e u r o t r o p i c  s t ra in: :  of v i r u s  o f  v e s i c u l a r  s t o m a t i t i s .  Lo~ses of i n f e c t i -  

v i t y  i n c r e a s e d  w i ~ t h  t h e  i n t c n s i  t y  of ill utninat ion and w i t h  d u r a t i o n  of e x p o s u r e .  

The i n f e c t i v i t y  of  FMI) v i r u s  was r c l a t  l v e l y  s t a b l e  t lrwfnf:  exposure  t o  l i g h t .  

Althougli s i g n i  f icnnt  i n a c t i v a t i o n  w n s  demons t r a t ed  rlnder the c o n d i t i o n s  

d e s c r i b e d ,  t h e  dat,] obtained ind ica t cc l  tha t  many f a c t o r s  i n f l u c n c e  the e x t e n t  

t o  which a g i v e n  virus  riiight be a f f e c t e d  hy l i g h t  e x p o s u r e .  Where c o n s i d e r a t i o n  

i s  l i m i t e d  t o  a s i n g l e  s f r a i n  of one v i r u s ,  known f a c t o r s  which may i n f l u e n c e  

t h e  s u s c e p t i b i l i t y  t o  i n a c t i v a t i o n  a r e  t h e  s o u r c e  and n a t u r e  of t h e  v i r u s .  
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Cutchin and Dayhuff (38) demonstrated that measle virus in the fluid state 
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was rapidly inactivated by exposure tb visible light. They a l s o  showed that 

there is a relationship between the rate of innctivntion. the intensity of 

illumination and wnvelcnRth. It appear:; that the shorter tiic waveleny,th, the  

more rapid is v i r u s  destruction 

TABLE 6 

(38) I n f l u e n c e  of Wavelcngtli on Light Inactivation of Measles 

1 --- - 1 

To determine wtiet I I C L .  p1ioLoinnctJvihtion under intcsrine illumination was 

characteristic of ineaslt. virus o n l y ,  pol  iovi.rus ~ Type ‘ 3 ,  and vaccinia were 

compared with that of iiicasles. 
I 

TABLE 7 

Influence of Artificial Light on Measles, P o l i o v i r u s ,  Type 3 ,  and Vaccinia Virus 
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A s  SCCII i n  TaL1c:; 6 ;ind 7 ,  mcb;i : ; le  vLrus w a s  no  1onl:er infeccinus a f t e r  

f i f t y  m i n u t e s  of expnsure whereas  i n f e c t i v i t y  of p o l i o v i r u s  and v a c c i n i a  w i t h  

7 - 2  i n i t i a l  t i ters of 10 and l o 7 * *  TCD /ml, r e s p e c t i v e l y ,  was e s s e n t i a l l y  50 

u n a f f e c t e d  by t h i s  t r e a t m e n t .  

A d d i t i o n a l  e v i d e n c e  of l i g h t  s e n s i t i v i t y  o f  v i r u s e s  i s  i n  t h e  work o f  

Nemo and C u t ( h i n ~ ( ~ ~ )  who s t u d i e d  c a n i n e  d i s t e m p e r  v i r u s  and found t h a t  i t  was 

also i n a c t i v a t e d  hy v i s i b l e  l i g h t  s e n s i t i v e  b o t h  i n  v i t r o  and i n  v i v o .  

V I T  . EXTW'l'ERRESTRIAL I-___L_. EFFIXTS - 
Over the past 1 . ~ ~ 1 ~  yearn c:.:tcbn:;ivc. i.ntc:rcst nntl : i c t i v i ty  have devclopeci i n  

d e f i n i n g  t l i c b  e x t r n t e r r ( . n t . r i o l  environniont and i t s  inf lucncc on t h c  v i a b i l i t y  of 

microorganism:;. Mucli of  Lhc ini.orm:ition, t o  d a t e ,  ti;is coine from s p e c u l a t i o n  

and ex t r a p o l n t  i o n  of t e r r e s t r i a l  l a b o r a t o r y  d a t a  from experirncnts  w i t h  

b a c t e r i a ,  s p e c i F i c a l l y  the B a c i l l u s  s p c c i e s .  (40'41) 

have been h igh  vacuum, u l t r a v i o l e t  r a d i a t i o n ,  x - r a d i a t i o n ,  cosmic r a y s  and 

t e m p e r a t u r e  extremes. S e v e r a l  r e p o r t s  have d i s c u s s e d  t h e  e f f e c t s  of t h e s e  

The main f a c t o r s  of c o n c e r n  

env i ronmen ta l  f a c t o r s  on b a c t e r i a ,  and most of t h e  p e r t i n e n t  r e f e r e n c e s  are 

i n c l u d e d  i n  two r e c e n t  r e p o r t s  p u b l i s h e d  b y  the N a t i o n a l  Academy of S c i e n c e s .  
I 

t.towever, o n l y  . I  v c r y  few e t u d i c s  lisvc been conce rned  w i t h  v i r u s  and (42 7 43 1 

i t s  r e sponse  t o  the c?nvironmcntnl strcoves of space. 

KoltCr nnd collaborators (4'') rcportc4 onc of thc f irst  s u c c e s s f u l  d i r e c t  

exposures  of t e r r e s t r i a l  v i r u s e s  to t h e  environment  of space and t h e i r  r e c o v e r y .  

L a b o r a t o r y  s t r a i n s  oE i n f l u e n z a  (PRR) and ECHO 1 v i r u s  were f lown on board of 

Discoverer XX'IX and X X X .  Both f l i g h t s  were similar r e g a r d i n g  t h e i r  f l i g h t  

profile: l aunch  d a t c ,  r e c o v e r y ,  t i m e  i n  o r b i t ,  maximum a c c e l e r a t i o n ,  and 

d u r a t i o n .  Good agreement (Tab le  8) was o b t a i n e d  between tes t  and c o n t r o l s  

( o r i g i n a l  v i r u s  p r c p a r a t i o n  ma in ta fncd  i.n t h e  l a b o r a t o r y  a t  -20' C) w i t h  b o t h  

v i r u s e s .  W l i l  l c  these f l i g h t s  were no t  a c r i t i c a l  t e s t  f o r  Rpacc c o n d i t i o n s ,  
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because  t h e  van A l l ( . n  I)(-l.t w a s  not peneLrated,  t h e  d a t a  i n d i c a t e  t h a t  t h e  

V i r u s  T i t e r .  
Ground L a b o r a t o r y  

T e s t  Control C o n t r o l  

10- 

10-5 . 3  10-5. 3 10-5 - 3  

v i r u s e s  d i d  w j  t h s t n . i t l  I I r c :  ri::nurs o f  ::pace f l i g h t .  'I'hus, v r b r a t i o n ,  tempern- 

t u r e  f 1 u c t u : i t  i o n s ,  a1 I e r a t i o n  : 11 f o r c e ,  and w c i g h t l e s s n c s s  produced by t h e s e  

c o n d i t i o n s  d i d  not  a l t e r  t h e  s t a b i l i t y  of t h e  v i r u s  u t i l i z e d  i n  t h e  e x p e r i m e n t .  

S i n c e  v i r u s  f u n c t i o n  L J ~ S  no t  a l t e r e d ,  maintenance of f u n c t i o n a l  s t r u c t u r e  

a p p a r e n t l y  i s  not  impaired by  z e r o  g r a v i t y .  The ma in tenance  of v i r u s  s t r u c t u r e  

t e n d s  t o  i n d i c a t e  t h a t  g r a v i t a t i o n a l  f o r c e s  (maximum a c c e l e r a t i o n  was 9 .O g)  

as encoun te red  do no t  c o n t r i b u t e  a p p r e c i a b l y  to  t h e  s t a b i l i t y  of  i n t e r m o l e c u l a r  

b i n d i n g ,  a t  l eas t  f o r  the two viruses c o n s i d e r e d .  U n f o r t u n a t e l y ,  no r a d i a t i o n  

stress s u f f i c i e n t  t o  a l t e r  the v i r u s  p a r t i c l e  was e n c o u n t e r e d ,  However, as 

i n d i c a t e d  by t h e  a u t h o r s ,  i t  i s  r ecogn ized  t h a t  l a r g e  r a d i a t i o n  closagcs are  

n e c e s s a r y  b e f o r e  any  e f f e c t  on the virur ;  p a r t i c l e  c n n  he d e t e c t e d  by p r e s e n t  

t e c h n i q u e s .  

I 

The work of Ilotcli in (45 )  p r o v i d e s  a d d i t i o n a l  e v i d e n c e  of t h e  s u r v i v a b i l i t y  

o f  v i r u s  i n  s p a c e .  BJO f l i g l i t  expc r imen t s  were conducted:  one u s i n g  a r o c k e t  

f o r  s h o r t - t e r m  cxposurc a t  h i g h  a l t i t u d e ;  t h e  o t h e r  u s i n g  n b a l l o o n  f o r  l o n g e r  

exposure  a t  lower a l t i t u d e .  The samples  c o n s i s t e d  oE s te r i le  s u r f a c e s  o f  

a u t o c l a v e d  nylon-rcir i fc , rced " m i l l i p o r e "  f j  l t e r  d i s k s  Cor the c o l  l e c t i o n  o f  

microorganisms dur i iig: l I ight and n Lso i i r l c l  i t ionn 1 s ur faces c o a t e d  w i t h  d r i  ecl 
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p r e p a r a t i o n s  of v a r i o u s  terrestrial  microorganisii is ,  i n c l u d i n g  p o l i o v i r u s ,  

Type 3 ( w i l d ) ,  and E s c h e r i c h i a  c o l i  b a c t e r i o p h a g e  T-1. Ny lon- re in fo rced  

" m i l l i p o r e "  f i l t e r  nembranes (450 mu poros i ty ) ,  e a c h  a p p r o x i m a t e l y  1 cm2 i n  

area, w e r e  cemented t o  l u c i t e  p l a t e s  and a u t o c l a v e d .  Aqueous s u s p e n s i o n s  

( c o n s i s t i n g  of  t h e  a p p r o p r i a t e  c u l t u r e  media) of t h e  v i r u s e s  were p r e p a r e d ,  

and 0 .1  m l  volumes wert s p r e a d  o n  t h e s e  s u r f a c e s .  Ttie exposure  began a t  a n  

a l t i t u d e  of 80 km, nncl t h e  rockct reached a h e i g h t  of 1.55 Itm a t  apogee.  

'LABIJ, 9 

( 4 5 )  Virm '1'i t vrs i r i  t ioc t rc~~  Expcriment by Ilotch i 11 

----I 

T - 1  b a c t e r i o p h a g e 1  

P o l i o ,  Type 3 

_--- --- --. - 
1'. I: .u  .Jc Ground Set  Flight S e t  
S e ed e d - S hie 1 dctl Exposed S h i e l d e d  Exposed 

1 x 1 0  2 9 x 10" 8 . 3  x lo6 2 . 9  x lo6 2 .6  x 10 

1 .5  l o 7  5 .3  lo3 3 . 1  lo3 3 . 3  10 l o  

' T i t r a t e d  a t  t h e  end of the expe r imen t  a f t e r  r e c o v e r y ,  15 days a f t e r  l a u n c h ,  

2 T i t r a t e d  2 2  day,; as te r  l aunch  and 1 3  3nys aster p r e p a r a t i o n  of Lhe dr ied  d i s k .  

and 26 days a f t e r  p r e p a r a t i o n  of d r i e d  d i s k .  

Twenty s i x  d a y s  a1 I cr inoc i i l c i t i on ,  t h e  ground a c t  plingc v i a b l e  count 

showed a n  i n s i g n i f i c a n t  loss due t-n d r y i n g :  I n  the cost of the ground set  

p o l i o v i r u s ,  t h e  loss w a s  much g r e a t e r  s i n c e  the d r i e d  v i a b l e  count  f e l l  by a 

f a c t o r  of 10 . There  was no s i g n i f i c a n t  d i f f e r e n c e  between :;hieltied and 

exposed p o r t i o n s  of  ei t l ier  v i r u s .  Tlic s h i e l d e d  sample of T-1 phage o f  t h e  

f l i g h t  u n i t  showed a v i a b i l i t y  not s i g n i f i c a n t l y  d i f E e r e n t  from t h e  c o n t r o l s ,  

whereas  t h e  u n s h i e l d c d  v i a b l e  count tiad f a l l e n  by n f a c t o r  of 10 . The v i a b l e  

p o l i o v i r u s  f e l l  by a fnc.tor o f  10 i n  the s l i i c l t l ed  f l i g h t  s ample ,  and by n 

f a c t o r  of  a t  least  10 i n  t l i c ,  cxposctl sample t o  a l e v e l  1,clow t h c  t h r e s h o l d  of 

4 

4 

2 

3 
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2 t h e  assay s y s t e m  whi cli L J i l S  16 irifecl i ve  v i r u s  p a r t i c l e s  per cm oE s u r F n c e .  

I n  t h e  b a l l o o n  expcrimcnt  t h e  phIq:c loss  of t h e  c o n t r o l  was much g r e a t e r .  

The s i x  hour e x p o s u r e  at  34 km reduced t h e  t i t e r  of t h e  exposed f l i g h t  b y  a 

f a c t o r  of o n l y  10, compared v i t h  t h e  s h i e l d e d  set .  
I 

R e s u l t s  of l a b o r a t o r y  s t u d i e s  t o  d e t e r m i n e  t h e  n a t u r e  of t h e  p r imary  c a u s e  

of i n a c t i v a t j m  by env i ronmen ta l  f a c t o r s  i n d i c a t e  that: vacuum, low t empera tu re6  

and cosmic ray:; d i d  not r e p r e s e n t  s i g n i f i c a n t  l e t h a l  f a c t o r s  f o r  T-1 phage.  

The p o l i o v i r u s  showcd t l c b f i i t i t - e  Loss of: vj ; ibi’Li ty  i n  ttic s h i e l d e d  sample,  

It is  known t h n t .  i i i t c n v i t i e o  I ~ L  u l t r a v i o l e t  l i g h t  and of :<oft x-ray arc  

c o n s i d e r a b l y  tlimLnislicd ,it. b n l l o o n  : 1 1 t  itutlc (34 km) th rough  i i b s o r p t i o n  a t  

h i g h e r  a tmosphe re .  Thc g r e a t e r  s u r v i v a l  o f  t h e  samples  d u r i n g  t h e  long-term 

exposure  on t h e  b a l l o o n  seems to  r e f l e c t  t h e  g r e a t l y  reduced f l u x  o f  t h e  u l t r a -  

v i o l e t  l i g h t  and soft x - r a y  a t  b a l l o o n  f l i g h t  a l t i t u d e s .  The r e s u l t s  o f  t h e  

l a b o r a t o r y  expe r imen t s  i n d i c a t e  t h a t  T-1 phage w a s  not  s c r e e n e d  by t h e  m i l l i -  

po re  f i l t e r  membrane from u l t r a v i o l e t  l i g h t  of wave leng ths  close t o  253 A 
0 

(as ma in ly  e m i t t e d  by ge rmic ida l  lamps) even  though the a v e r a g e  po re  s i z e  w a s  , 

much g r e a t e r  t h a n  t h e  phage head d i a m c t c r .  I n  more r e c c n t  w o r l c s ,  Ho tch in  and 

assoc i a  tes measurcd t h e  s u r v i v a l  o f  v i r u s c s  i n  s p a c e  exposed on Gemini XI1 ( 4 6  1 

S a t a l l L t e .  T-1 c o l i p h n g c ,  p o l i o m y e l i t i s ,  t obncco  riio~;nic v i r u s ,  c a n i n e  hcpo- 

t i t i s ,  bovinL r l i i n o t r n c t i c i t i s  i n f l u c n z a  (PR8) and v a c c i n i a  v i r u s  werc exposed 

t o  s p a c e  f o r  s i x  h o u r s  and twen ty - fou r  minu tes  011 Gcmini XI1 S a t e l l i t e  i n  

f r e e z e - d r i e d  thrc.c (1 imcn::ional matrices on metal  p l a t e s  i n  a rcniotcly c o n t r o l l e d  

box o u t s i d e  t h e  a a t c l l i  t c .  Sulisequcnt a s s a y s  showcd t h a t  s u b s t a n t i a l  s u r v i v a l  

had o c c u r r e d  w i t h  ,7J i or~:anisms e x c e p t  p o l i o v i r u s  and r l i i n o t r n c h c i t i s .  The 

r e s u l t s  i n d i c a t e d  t h a I  c.crt a i  n r iruses  arc  v e r y  rc:::iat ant  t o  t h e  s p a c c  e n v i r o n -  

ment i f  provicicdl wi I t i  ;I miniinurn o f  p ro t ec t . i on  aga ins t  1c~tlinL UV r a d i a t i o n  
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It  oppe,irs Froiii chese s t u c 1 i c . s  t l i n t  t h e  a b i l j t y  of t h e  v i r u s e s  t o  s u r v i v c  

spacc  f l i g h t , .  g i v e  l u r t i w r  i n d i c a t i o n  O C  t hc> ncctl f o r  nt ldi t  i o n n l  s t u d i e s  on 

problems a s s o c i  , , L e d  w i  t h  t h e  r o l e  o l  v i r u s c s  a:: nn env i ronmen ta l  h e a l t h  hnznrcl 

i n  f u t u r c  spncc t r n v c l ,  a s  w e l l  as  i n  t l i c i  implcincntat  ioii of p l a n e t a r y  quoxan- 

t i n e  r::quirc:iicnts. 

i:, ; I  ncctl f o r  niorcc inLoraiation on t ' ic9c 

Tlie i-hcor t i c a l  ! ,OUPS f o r  tlic i n f l u e n c e s  c x c r t c J  by r e s p o n s e  t o  t h e  

p h y s i c a l  environment by c e l l - f r c e  v i r u s  seems,  o n  c u r s o r y  i n s p e c t i o n ,  r a t h e r  

s i m p l e .  A p c r t i c u l a r  env i ronmen ta l  strcss may ac t  d i r e c t l y  on t h e  v i r a l  a g e n t  

by  i n f l u e n c i n g  i t s  d i s s c m i n a t i o n  e i t h e r  by a f f e c t i n g  ttic mechanism of  t r n n s m i s -  

s i o n  or  by  d e t e r m i n i n g  the  f r equency  o r  d u r a t i o n  oC exposure. However, i t  h a s  

becorn? p ro j : r c s s ive ly  morc e v i d e n t  t h a t  t h c  r o l e  of env i ronmen ta l  l a c t o r s  i n  

t h e  s u r v i v a l ]  q f  virus( . : ,  arid : i lso i n  tlctcrmitiin): discas(:  o c c u r r e n c e  i s  not  o n l y  

v e r y  e x t c n c i v e  but: t in t l (~rn tom!  on1 y i n  r a t h e r  sr ipcl-Eicial  ways as, f o r  exniiiplc, 

i n  r e l a t i o ' l  1::) vir11 :;p-,-ad. Hcninining problems of f i r s t  importonce re la te  t o  

a clear dcf i r i i  t i o n  o l  1.invi;orinicnt;il pnr.imctcVs o f f c - t  irig t h c  s u r v i v a l  of the 

v i r a l  a g e n t s ,  t h e  , : I tcarat ion i n  f.1ic i~vtlioy;~?ni~- pc,tcii t ial  of v i r u s  and the 

I , 

emergence of new vi:-nL ~lge i~t : .  whf r:h ,nay respond cl i f f e r e n t l y  t o  cnv i ronmcn ta l  

stress , whcn compa-ed Lrith thcl "old" o r  more s imi l a r -  v i r u s e s .  



Despite our  1 i m i  t c c l  "knowledge", t H v  ptienomcnology o f  cnviroti tncntnl v i r o l -  

ogy is of considerablc-  importance to the N a t i o n a l  Aeronau t i c s  and Space Adniin- 

i s t r a t i o n ' s  P l a n e t a r y  Q u a r a n t i n e  program. Q u e s t i o n s  about  t h e  e f f i c a c y  of 

s t e r i l i z a t i o n  t r e a t m e n t  f o r  b a c t e r i a  can be f a i r l y  r a i s e d  and should  b e  

answered w i t h  r e s p e c t  t o  v i r u s e s  no t  on ly  on t h e  b a s i s  of assumpt ions  01: e x t r a p -  

o l a t i o n  bug sr7pported by  a t  least  minimal expe r imen ta l  d a t a .  S i m i l a r l y ,  

q u e s t i o n s  a l r e a d y  answcrcd about- b a c t e r i a l  s u r v i v a l  OR d i f f e r e n t  spacc  hardware 

s u r f a c e s  should  b e  a l s o  ;tskcd about  v i r u s e s .  
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